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SUMMARY  OF  ACTIVITIES 
COLD  INJURY  RESEARCH  TEAM 
ARMY  MEDICAL  RESEARCH  LABORATORY 
KOREA.  1951-52  . 


I.  INTRODUCTION 


With  the  onset  of  cold  weather  in  Korea  during  the  winter  of 
1950-51  the  Medical  Services  of  the  Armed  Forces  of  the  United  Nations 
were  not  indoctrinated  In  the  procedures  for  classification,  treat- 
ment and  management  of  frostbite  patients.  The . etiological  factors 
of  frostbite  formulated  at  this  time  were  somewhat  speculative  in 
nature  with  a great  deal  of  emphasis  being  placed  upon  the  terms  "self- 
infliction"  and  "command  responsibility".  Very  little  attention  was 
paid  to  the  Influence  of  existing  weather  conditions,  logistical 

C - 

support  of  the  troops  and  especially  the  influence  of  intensity  of 
combat  upon  the  Incidence  of  this  type  of  injury. 

On  Li  November  1950  a treatment  center  for  frostbite  casualties 
was  established  in  Osaka.  Japan,  by  the  Surgeon  of  the  Japan  Logistical 

e C • 

Command.  United  States  Army.  Between  1 December  1950  and  1 April  1951. 
4.216  cold  Injury  casualties  were  admitted  to  this  center  for  treatment 
and  disposition.  Due  to  existing  circumstances  only  s limited  study 
of  the  etiological,  pathological,  clinical  and  therapeutic  aspects  of 
frostbite  could  be  made.  The  report*  of  this,  limited  study  was 
published  on  1 November  1951.  \ ‘ t ‘ > 


«.*.*•*  V 
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*0rr>  K.  D.  and  D.  C.  Fainer.  Cold  injuries  in  Korea  during  winter  of 
1950-51.  AMRL  Special  Report,  1 Nov.  1951.  and  Medicine  21:  177.  1952. 
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Because  of  the  many  provocative  aspects  to  the  pi-oble*  of  frost- 
bite relative  to  etiology,  classification!  patiiophysiology  and  xmage- 
nent  as  given  in  this  November  1951  report.  a cold  injury  conference  Mas 
held  at  the  kray  Medical  Research  Laboratory!  Fort  Knox.  Kentucky,  on 
19-21  July  1951*  The  menbers  of  this  conference  were  from  the  Keoical 
Services  of  the  Artsy,  B.vry.-  Air  Force.  National  Research  Council. 
Veterans  Adsdnlstration  and  civilian  research  groups.  The  discussion 
and  findings  of  the  conference  group  resulted  in  a recommendation  to 
the  Surgeon  General.  United  States  Anay.  that  a Cold  Injury  Research 
Teaa  be  organised  and  sent  to  the  Far  East  Command,  United  States  kray, 
for  the  winter  1951-52  to  assist  in  the  recognition.  treatment,  study 
and  disposition  of  frostbite  casualties.  Ir.  order  to  facilitate  the 
■ichievener.t  of  these  objectives  it  was  suggested  that  all  cold  injuries 
, be  hospitalized  at  one  center  in  Korea  wit!,  further  evacuation  to  a 
similar  special  treatment  center  in  Japan.  It  was  further  reeo=aended 
' that  the  activities  of  the  proposed  Cold  Injury  Research  Teas  be  di- 
rected to  the  following; 

1)  Information 

The  team  should  provide  to  the  Medical  Services  of 
the  Far  East  Command  the  latest  inforcatlon  regarding 
diagnosis,  evacuation,  treatment,  disposition  and 
, t utilization  of  cold  injured  personnel  derived  froa 
current  studies  of  frostbite.  The  research  group 
3hould  serve  also  as  consultants  to  the  Theater  and 
kr.ty  Surgeons  on  matters  pertaining  to  cold  injuries. 

•2)  Cllrrr.t.olory 

Weather  stations  s!.ould  be  established  in  every 


United  Statea  regixent  and  battalion  to  that  * eo*- 
pl,U  Mt  of  aeteoro  logical  data  could  ba  obtained 
aa  eloaa  to  the  aeene  of  cold  injured  caeualtlee  ta  < 
poaaibla.  This  data  oculd  ba  u##d  fot  evaluating 
th#  Incidence  of  frosttite  la  relation  to  the  per- 
fotsanee  of  the  unit.'  the  individual  eoldier  and  hia 
protective  clothing.  Ihe  data  could  also  be  ueetul  in 
evaluating  the  performance  of  all  combat  e^paent  and 
in  the  planning  of  eonbat.  .elisions  with  respect  to 
duration  of  the  mission  «td  type  of  protective  elothlng 
Meded  (See  Cold  Injury  Code  Sheet.  Appendix  I). 

3)  W..w,.r  Clnthinr.  Entipnent  aryj  Trelniflg 

A representative  of  the  Oiarterneater  Corps  ehould 

uake  detailed  studiee  regarding* 

,)  Status  of  the  i*  slvidHl  cold  gather  clothing 
and  cold  weather  equipment  of  the  United  SUtee 
infantry  divisions  As  of  20  ttevenber  1951* 
b)  Status  of  the  cold  weather  training  in  the 
Eighth  A rmr  as  of  1 December  J95l« 
e)  Status  of  cold  weather  clothing  and  equipment. 

Its  usage ‘and  deficiencies,  for  each  froetblte 

casualty.'  ‘ 

d)  General  deficleneiaa  of  the  cold  weather  clothing 
and  equipment  used  by  personnel  of  the  Eighth 
Xrmj  during  the  winter  wn.hs  of  1951-52 
Basic  4iarte master  ffcestlonnaire  for  Cold 


- , » ,'  ,-v  , » 
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* Injury  Casualties  and  Clothing  Ust  tor  Cold 

Injury  Casualties.  Appendix  I)< 

\,)  Conatit-’tiail1  ?,■«— ptinlUtv  to  Cold  injure. ard 

to  ,tt«pt  timid  be  made  to  devise  a mlUble 

screening  prcgres  *«  th«  ••Jwtlort  or  •Utfln*tl<,n  of 
highly  susceptible.  average  susceptible  •«»  resistant 
individuals  for  eo-ahst  duty  in  celd  ellnates.  Ihere- 
to rt.  a study  (Pre-Exposure)  should  be  node  of  soldiers 
free  c octal  divisions  and  individuals  passing  through 
the  forward  lUplaeeaent  Cepots  regarding  place  of  birth, 
duratiso  of  previous  e.posure  to  various  eiiastss.  race. 
lnulUier.ce  scores.  constitutional  factors  surf.  as 
' body  bsild.  motional  reactions,  psychological  and 

physiological  reactions  (See  Pre-Btpoeur.  Oiestionnalre. 

I).  these  studies  should  to  Bade  prior  tc  the 
uoldier's  entry  Into  eonba.  and  with  sutce^ent 
notions  during  ant  after  the  cold  season. 

5)  StV-4°:tBSt 

this  phase  of  Invest!  r.=»-  lot.  should  Bate  an  aasesosent 
of  the  relative  sl^lfrewee  of  thb  ssiltirle  factors 
contributing  to  cold  injury*  T..'  i sssetaff*rt  slor.W  or 
wces.lty  include  a study  of  the  envirWr.iai  cx,  itlo- 
and  degree  of  coshat  activity  which  existed  at  ti*e  of 
occurrence  of  frostbit*  within  the  waller  cost  at  vw.lts, 
t i.e.  platoons  or  eoojonUa.  Kor  a control  grmo  of 
Whornr-l"  eoslat  soldiers  the  r.ut>cts  should  l*»  Unite! 
to  tiose  sen  w)n  were  expo  .M  to  -.hr  s.co  orviromaonUl 


r 
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atret*  la  Umi  geographical  location  and  activity 
aa  tha  fro* t bit#  patient*.  Additional  data  should  b* 
col  lac  tad  regarding  troop  strength  by  units,  composition 
by  rank,  raca  and  incldenes  of  battle  casualties,  nan- 
battle  casualties  (accidents)  and  total  diseases. 


Accurate  comprehensive  records  should  be  Maintained 
an  all  cold  Injury  eases.  These  reports  should  Include 
data  concerning  the  etiological  factors  and  clinical 
features  ef  each  individual  frostbit*  patient  (See  Cold 
c Injury  Cod*  Sheet.  Appendix  I).  Fro*  these  records  an 
evaluation  should  bo  sad*  of  such  factors  as  duration 
of  exposure,  type  of  boolgear  worn,,  race  and  method 
of  iwsrelng  with  respect  to  the  rate  of  healing  of 
frostbite  rounds.  A therapeutic  evaluation  also 
• .old  be  aad*  ef  the  efficacy  of  heparin,  heparln- 
aleohol-proc&ln*.  rutin,  prlseollne.  hexanethonlua 
/ and  eynpethetle  ganglion  block*  in  the  treatment  of 
frertMte. 


the  study  should  be  a composite  one  by  the 
psychiatrist*  clinleal  psychologist  and  psychiatric 
social  mrker.  The  study  should,  in  general,  include 
personality  patterns  of  personnel  subject  to  cold 
Injury  during  coabst,  evidence  of  self-inflicted 
cold  injuries  when  suspected  and  the  nature  and 
extent  of  intellectual  factors  in  the  etiology  of 


#\ 


Mid  injury.  The  study  also  ahauld  include  the 
•valuation  of  nonfreelMtten  personnel  for  the 
pirpaM  of  •control"  catching,  ueing  tho  mm 
procccurAs  cc  those  used  la  tho  cpldeoiologleel  '• 

study  of  cold  injuries  (See  Psychiatric  Code  Sheet. 

. / 

Appendix  I).  / 

8)  ff^log  \ 

A study  *nd  evaluation  rf  selected  biojsy  and 
aoputation  uaterial  with  particular  esphaslt  on 
changes  that  oijht  he  present  in  blood  vessel.', 
nerves,  hones,  ouscles  end  akin  due  to  injury  by 
cola  should  be  sade.  A coeprehenaive  becterio- 
Xaglcal  survey  should  be  rode  of  frostbite  lesions. 

9)  PhvsioloCT 

Studies  should  be  made  through  the  various 
stages  of  the  ellnieal  course  of  frostbite  in- 
cluding the  poat-i frostbite  syndrome  regarding  , 
the  vascular  response,  akin  temperature  response 
■and  eweat  rates.  "Ms  study  also  should  include 
detailed  observations  on  selaeted  patients  with 
healed  frostbite  lesions  when  subjected  to 
cold  stress  et  periodic  intervals.  Observations 
should  be  wide  on  the  alterations  of  responses 
of  these  patients  to  cold  stress  when  aynpathetie 
blocks,  priseollne  end  hexAnethonlun  ars  used. 

13)  ifatrl tlon 

Observations  sliould  be  made  on  cold  injury  easca 
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relative  to  their  nutritional  status,  calorie 
intake,  and  ascorbic  acid  l~vals  at  tine  of  cold 
* injury  and  at  periodic  intervale' thereafter. 
Aacorbie  acid  levels  also  ahould  bo  detersdned 
on  coebat  infantryman  who  had  not  Incurred  a cold 
injury. • 

11)  Henatoloq 

Cold  heaagglutintn  determinations  should  bo 
performed  on  the  following  croups  of  soldiers i 
* frostbite  patients,  nonfrost  bit  ten  infantrymen 
vbo  had  been  in  coebat  during  the  winter  rent  be, 
infantrymen  in  the  forward  Korean  Replacement 
Centers  and  soldiers  arriving  in  the  Par  East 
froo  tho  Zone  of  Interior.  The  incidence  of 
sickling  trait  should  be  determined  among  ties 
Negro  frostbite  casualties.* 

12)  Biochemical 

In  addition  to  the  performance  of  routine 
laboratory  procedures  on  tho  cold  injury  patients 
there  also  should  be  s study  of  sense  proteins, 
fibrinogen  levels,  protein  content  of  vesicular 
fluid  and  the  sodium  and  pota&siua  levels  of 


blood  and  vesicular  fluids. 
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Ccewanding  Offieor  - Kennoth  D.  Orr,  It.  Col,,  WJ,  USA 
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Section  stationed  In' Korea 


Epidemiologist  - Leonard  M.  Schuaan,  Oedr.,  MC*  DSPHS 
Meteorologist  - Roman  Sissenwine.  C^t.t  USAF,  AUS 
Qiarternaster  Corps  Observer  - Donald  G.  Rice*  C«pt.,  QKC,  AOS 
Medical  Observer  - Clifford  U.  Ulrlcfc*  C*pt.>  MC,  AU3 
' Medical  Observer  - Sylvan  L.  Weinberg*  Capt.*  MC*  AOS 
Internist  - Harold  A*  Lyons*  Os dr.»  BL  USK 
Internist  - Trank  A*  Massari*  1st  U.*  MC*  USA? 

Anestliiologist  - Jaaes  H.  Matthews*  1st  Lt.«  MC.  AU3 
Physiologist  - Ellsworth  B.  Cook*  Lt.  Qadr.*  KSC*  USN 
Physiologist  - Harold  T*  Herynan*  Lt.*  MC*  USB 
Photographer  - Merle  H*  RJtodes,  CFO*  VS)I 
Laboratory  Technician  - David  H.  Breasan*  Cpl.*  USA 

Section  stationed  in  Japan 

Executive  Officer  - Jesse  W.  West*  Major*  KSC.  AUS 
Internist  - Eruee  M.  Wir.er*  Capt.*  MC*  ADS 
Internist  - Coinann  D.  Caplovits*  1st  Lt.,  MC*  USAF 
Surg*'n  - Robert  E.  Leapke*  1st  Lt.*  XC*  AUS 
Pathologist  - Donald  B.  Pratier.  Capt.,  MC*  AUS 
Dutrltioriet  - Louis  J.  Pol  s’*  In,  Capt..  MC*  AUS 
Bloch  fist  - Leonard  J.  Bodenlos.  Lu*  KSC.  USJI 
Physiologist  - Dccrnie  A.  Vavala,  Dad  Lt.,  KSC.  USA? 

X-?.y  Technician  - Donald  A.-  Loftus,  CTO,  USM 
Phot.'gr'-hor  - !b.ynor.d  H.  Zink,  Sgt.*  USA 
Laboratory  Tocl  nicitn  - Cl  am  Z.  Carr*  Sgt.*  USA? 

Liharatory  Technician  - Robert  L*  Rrjse,  Sgt.,  USA 
kiorito-y  Ti-c'-niclm  - Waller  R.  Koehler*  Cpl**  USA 
Electronic  Technician  - Robert  A.  Crawford,  Cpl.,  USA 

•lo.neral  Activities 

The  research  group  departed  from  Tort  Zitox*  Kentucky  on 
8 October  1951  and  arrived  in  Tokyo*  Japan  on  13  October  1951. 

On  LL-15  October  conferences  were  held  with  the  Deputy  Surgeon 
of  the  Par  East  Cocnand*  the  Surgeon  ef  the  Japan  Logistical 
Coer-. and  and  the  rar  East  Co.de and  conaeliants  in  Medicine  and 


P*ycr.ljtr7  regarding  the  proposed  studies  of  frostbite 
during  the  winter  mnths  of  1951-52. 

The  tean  ar.i  its  opt  1 peer,  t were  aovtd  by  rail  to  Osaka  Away 
Hospital  on  lo  Ccto’,.;r  1951.  Three  Inn. I r ml  beds  in  this 
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InqiUl  had  been  sot  add*  for  tho  treatment  of  cold  injuries. 
Fro*  It  October  to  26  October  tha  mo  bars  of  tho  tool  wore  . 
engaged  in  nsMng  final  preparations  for  too  study  of  cold 
Injuries. 

the  Korean  Section  of  the  tea*  arrived  at  tho  25th  Evaeu- 
atlon  Hospital.  Taegu.  Korea  on  27  October  1951*  this 
hospital  (300  beds)  had  been  designated  as  tho  Cold  Injury 
Center  for  Karri  by  the  airgeon.  Eighth  Army.  A conference 
ms  held  with  the  Surgeon*  Eighth  Amy*  on  28  October  1951 
at  which  tine  ho  rsccrcended  that,  due  to  anticipated  rapid 
evacuation  from  division  radical  installations  and  the  close 
proximity  of  soMle  amy  surgical  hospitals  (HASH)*  all  spe- 
cific therapy  be  started  at  the  KA.SH  level  with  the  bace  of 
operation  for  the  two  fontrd  ek -iical  observers  at  this 
level.  Following  this  conferne#  (29  Ost.  1951)*  letter  was 
prepared  nriuestirg  permission  fro*  tha  Eighth  Aroy  Gwaral 
Staff  to  establish,  equip  and  maintain  vanther  stations  in 
all  United  Statas  battalion  and  regiecntal  eoaxrnd  posts. 
Permission  to  establish  waithor  stations  finally  was  granted 
by  Eighth  Airy  Headquarters  on  14  November  1951.  Prow  5 No- 
vember to  22  November  certain  personnel  of  tho  Korean  Section 
assisted  in  a pre-exposure  survey  among  the  infantrymen  of 
the  3rd  and  25th  Infantry  Divisions. 

The  Cold  Injury  Center  in  Karen  was  closed  on  23  March  1952 
and  the  pertsiv.el  of  this  Center  returned  to  Osaka.  Japan  on 

■ ; n 

25  March  1952.  Operation  of  ths  Cold  Injury  Center*  Osaka 
Airy  Hospital  censed  on  20  April  1952.  Movement  of  the  Cold 
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Injury  Besearek  Tea*  to  the  Any  Medical  Haaeareh  Laboratory^ 

i \ 

Fort  Kn <*2»  KentocVy  V*»*n  on  1A  April  1952  and  «u  completed*! 
on  9 Kay  1952. 

QI.  MATERIAL  FOR  STOUT 

The  clinical  information  derived  from  this  study  of  frosthit* 
nai  of  necessity,  confined  to  the  relatively  lata  atages  of  the  Injury. 
The  original  plan  of  atudy  had  eaphasiiedth*  Initiation  of  treatment 
and  the  obtaining  of  clinical  and  physiological  observations  lmediately 
after  Injury.  Actually,  delays  In  evacuation  prevented  observations 
or  treatamt  froa  being  initiated  on  tho  entire  creep  of  frostbit* 
casualties  until  an  average  of  202  hours  after  Injury.  Is  a select 
group  of  108  patients*  Nwhcro  a deliberate  attempt  ins  nnde  to  exclude 
thoea  cases  with  older ^injsn  »s,  there  etlll  tea  a lapse  of  an  average 
of  A3  hours  between  cessation  of  the  cold  exposure  and  arrival  of  the 
casualty  at  tha  forward  aobile  magical  hospital  whore  troatesnt.  and 
clinical  observations  ccaJd  bo  started.  In  thli  rpssial  group  physio- 
logical ue.ia.irev.inta  were  further  delayed  fro  i n to  Ad  hours  a a a 
result  of  triciaferrlr.3  the  patient  frea  the  forward  hospital  to  tha 
Cold  Injury  Center  at  Taegu,  Sores.  These  delays  In  Initiating 
treatment  and  studies  during  the  early  phase  of  the  Injury  wore  due  to 
the  following  factors* 

1)  The  essoalty  often  failed  to  report  to  a nedieal  instal- 
lation lcnedlately  after  injury.  Kany  times  frostbite 
lesions  were  not  diecovercd  until  the  time  of  a foot 
inspection  by  the  s^uad  leader,  platoon  ct-rreander,  com- 
pany oidT.sn  or  battalion  surgeon.  In  a few  units  the 
coraviilng  officer  attempting  to  strength'll  his  cold 


13 





~S> 

\i 


\ 


l, 

% 


% 


A 


\ 

A 


!»• 


, * •* 

iwirfi  wii 


\V.S* 

W.w’ 


■»Y 


,s 

I # • 


\ ♦ , 


> e * * ■ 


V- 


;.v 

» 

s,  s 

? Vs 
* * * " 


>1 


1 


Injury  prevention  program  rode  such  Injuria*  « subject  . 
of  disciplinary  action.  This  approach  caused  the** 

V injuria*  to  go  'hindergrcund",  i.e.  to  b*  concealed  or 

IS 

\ *A  suppressed  either  by  the  patient  Moself,  hi*  platoon 
V^leader  or  hi*  unit  surgeon.  * 

2)  the  low  Incidence  of  frostbit*  during  the  winter  of 
1^1-52  coupled  with  a low  over-all  casualty  rat*  re- 
suAed  In  less  prosit  transportation  along  the  entire 

chain  of  evacuation  (battalion  aid  station  to  the  Cold 

\% 

injury  Center)  despite  order*  to  evacuat*  cold  injury 

pstien's  pymeptly.  In  only  on*  instance,  at  * tins*  when 

\\. 

easualtAa  were  nuaerou*  and  full  loads  (planes,  trains. 
aatalencV*)  resulted ■ was  evacuation  prompt.  Frostbit* 

L patients  \ ^porting  to  tholr  battaHea  eld  station*  2 to 

V\ 

•\  k hours  aft.-.y  injury  arrived  in  ths  Eorecn  Cold  Injury 

\ 'if: 

•Center  6 to  $\hnur*  later. 

I)  HTneltaont  weather  at  times  prevented  air  evacuation  of 


«lie  cold  injury  ^ases  fren  the  forward  hospitals  to  the 

racial  treataen^center. 

% ^ 

l)  G**trilla  aetivitj^by  the  enemy  between  the  forward  area 
and  ?th*  treatment  Oiter  prevented  the  operation  of  ombu- 
V.  loneiy*  end  hospital  \raira  during  the  hours  of  darkness, 
this  wsrtm  caused  a dolay  of  12  to  & hours  in  evacuation, 
the  above  factors  could  have  been  oodified  by  locating  the  spe- 
cial treatment  eentcA  doser  to  ths  saddle  surgical  hospitals.  • Location 
of  the  center  during  winter  Of  195^2,  as  select  by  the  Eighth 


Aray  Surgeon,  was 


dated  upon  the  fo.' 
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1)  Security  from  enemy  action  in  the  event  of  retrograde 
novroent. 

2}  Equal  accessibility  from  all  forward  medical  Installa- 
tion* from  the  standpoint  of  terrain. 

3)  Minimal  distance  of  evacuation. 

4)  Availability  of  adequate  hospital  facilities  In  relation 
to  priority  of  type  of  casualty. 

5)  A nearby  airstrip  capable  of  receiving  and  dispatching 
to  Japan  the  larger  type  evacuation  aircraft  (C-54). 

The  first  cases  of  frostbite  occurred  on  22  Boveaber  1951 
in  the  l"th  Infantry  Hegiment.  7th  Infantry  Division.  The  last  case 
of  frostbite  occurred  on  19  March  1952. 

The  number  of  cases  admitted  to  the  Cold  Injury  Center  In  Korea 
from  23  November  1951  to  23  March  1952  were*  • 

Frostbite*  confirmed  cases*  United  States  troops  • . 716 

I 

“Frostbite*  confirmed  cases*  United  Nation  troops  . . 83 

«I.C.C X°X>.- 

•■"-“Less  than  first  decree  frostbite  or  previously  cold 

injured.  . . • . •-Si- 

Total  .955 
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MJnitcd  Kation  casco  refers  to  frostbite  among  Sthlopiar.*  Colombian. 
Thailand  and  Philippine  troops. 

•■*1.0.0.  denotes  **Xll  Classified  Condition  of  the  Feet*  manifested  by 
hyperhidronio.  maceration*  partial  denudation  of  the  sole  of  the 
foot*  erythema  and  pain. 

^Patients  w!io  had  a cold  exposure  1st  not.  of  sufficient  degree  to 
bring  about  tissue  changes  indicative  of  first  degree  injury.  Pre- 
viously cold  injured  refers  to  those  patients  who  hai  had  a frost- 
bite prior  to  the  winter  of  1351-52  and  now  complained  of  cold 
hyporiitlrotic  feet.  • 
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The  number  of  frostbit*  esses  admitted  to  the  Cold  Injury  Center 
in  Osaka  Arqy  Hospital  from  25  Koveber  1951  to  26  Kerch  1952  were: 
first  degree  109 

Second  degree  2ft 

Third  degree  124 

•fourth  degree  32  . 

I.C.C.  11 

total  550 

The  distribution  of  tie  716  confirmed  cases  of  frostbite-  among 
United  States  troops  by  decree  of  severity  mat  ’ 

first- degre*  279  (39.0*) 

Secrsi  dagrea  261  (36.4)0 

Third  degree  143  (20.0 J) 

Fcurtb  degree  33  ( 4.6^)  T, 

Thrtxighcut  th-5  ccerrs  of  aiady  of  frostbite  during  the  winter 
of  1951-52  United  States  s tT  lUzn  avre  used  as  controls  in  different 
phases  of  tbs  investigation*  The  distribution  of  the  control  subjects 
who  wire  examined  by  ceribars  of  ths  Ccld  Injury  E-.-socrch  Teen  was  as 
follows:  » 

Pre-Ecposure  Surrey  (Sores)  1.628 

Epidemiological  Surrey  (Korea)  523 

Bootgear  and  Physical  Exr.ninet.ion  Survey  (Korea)  350 
t Psychiatric  Survey  (Japan  and  Korea)  90 


Cold  Hemagglutinin  survey 


Rest  and  Recreation 

Center  (Japan)  <*•*" 

Caap  Drake  (Japan)  1*277. 

1»698 

| Ascorbic  Held  Survey 

Rest  and  Recreation 

Center  (Japan)  l*1!0 

Casp  Drake  (Japan)  528 

Foot  Sweat  Oeterrinatlon  (Japan)  ® I 

Foot  Sweat  Determination  (Fort  Knox)  & 

Cold  Stress  Survey  (Japan)  5 

Total  Huaitor  of  Subjects 

Total  nurcir  of  soldiers  including  cold  injury  easu.lties 
end  control  subjects  used  in  this  study  was  11.219.  f * ... 

IV.  • SESMITS 

° Specific  details  reganiin,;  materials.  subjects,  methods  and 
analytical  results  of  each  study  may  be  found  in  the  app«ded  section, 
(I  through  XV).  The  pertinent  'findings  derived  fron  each  study  is 

given  below.  _ > 

A.  Dissemination  of  Information 

This  aspect  of  the  program  vps  active  through  the  winter 
conths  of  1951-52.  Lecture,  and  conferences  «re  held  in 
Korea  at  regional  medical  meetings  and  at  various  medical 
Installations  such  as  medical  companies,  clearing  platoons, 
notile  surgical  hospitals  and  evacuation  hospitals*  Th- 
. majority  of  r,  licai  officers  stationed  in  Korea  were  visited 
periodically  either  Vy  the  Epidemiologist,  the  Fon*ard 
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Medical  Observers.  the  Keteorologif  t<  tbs  Starts  master  Corps 
Observer  or  the  Commanding  Officer  of  the  Teas.  Lectures 
concerning  prevention  and  Management  of  cold  injuries  were 
given  at  three  regional' Medical  Meetings  in  Japan  which  were 
attended  by  a Majority  of  the  Medical  officers  assigned  to 
the  Japan  logistical  Command.  Timely  information  regarding 
cold  injuries.  Its  management  and  prevention  was  distributed 

to  all  Medical  officers  coi'crmed  by  the  following  j«blie*t^_._ 

■ ~ ■i*SS 
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1)  The  Surgeons  Circular  Letter.  F.E.C.,  October  1951* 

2)  Ini  creation  Dulletins  Mo.  36,  39.  12,  Office  of  the  . 

Surgeon.  Headquarters,  EUSAK. 

3)  Directives  fron  Surgeon,  EUSAX,  18  Janaary  1952  on 

"Early  Management  of  Cold  Injuries". 

B.  A Meteorological  Evaluation,  Korea,  1951-52  (See  Section  1) 

On  14  November  1951  Eighth  Amy  Headquarters  directed  the 
United  States  regiments  and  battalions  to  provide  the  ascy- 

■V 

power  required  for  tho  Meteorological  program.  This  prograa^-bs.  1 
required  observations  of  temperature,  humidity,  wind  speed, 
weather  and  ground  surface  conditions  every  3 hours  at  regi- 
mental level  (about  40  man-nii.utes  per  24  hours)  and  obser- 
vations of  temperature  and  ground  conditions  at  battalion 
level  every  6 hours  (8  man-minutes  per  24  hours). 

The  Team  Meteorologist  trained  the  appointed  personnel  in 
the  technique  of  obtaining  and  recording  the  no ieoro logical 
data  vJid  the  local  application  of  these  data.  A weather  kit 
containing  instruments,  instructions  and  data  forms  was  • = 
issued  to  each  United  States  battalion  and  regiment  in  Korea. 
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Weather  vsriatl  na  between  the  United  States  regie  ante 
during  the  1951-52  winter  were  not  great.  Factors  contri- 
buting to  the  equalization  of.  temperatures  between  restitute- 
included  cloudy  weather,  wind  and  frequent  interchange  of  . 
identical  location  between  regiments.  The  coldest  weather 
was  encountered  in  the  eastern  sector  of  Korea.  . Troops  In 
the  western  sector,  where  the  front  extended  southward*  expe- 
rienced warmer  weather.  The  1.951-52  winter  was  1C  to  15 
degrees  (F.)  warmer  than  the  1950-51  winter. 

The  Eighth  Array  General  Staff,  recognising  the  importance 
of  continued  application  of  meteorological  data  to  the  smaller 
combat  unit  activities,  decided  to.  adopt  tha  weather  program 
on  a permanent  basis.  A toe— and  letter  was  issued  os  7L  Feb- 
ruary 1952  by  Eighth  Army  Beedqparters.  subject  "Change  of 
Responsibility  for  Supervision  of  Local  Weather  Station  Fro- 
gran".  This  letter  directed  the  Assistant  Chief  of  Staff. 

G-2.  to  assume  general  staff  supervision  of  the  weather  pro- 
gram and  that  the  Signal  Officer.  Eighth  Arty.  be  responsible 
for  the  operational  control  of  the  program.  The  fuller  appli- 
cations and  permanent  adoption  of  the  meteorological  program 
at  regimental  level  are  currently  being  studied. 

Analyses  dealing  with  the  meteorological  data  and  their 

relationship  to  frostbite  asd  Other  causative  factors  a.S 

presented  in  the  epiUenioloH.cal  section  of  this  report. 

An  Evaluation  of  the  Supply.  Utilization  and  Adequacies  of 
Winter  Clothing  for  the  United  States  Army  in  Korea. 
1951-52  (See  Section  H)  K 

During  the  months  of  Ecrecber  and  December  1951  the  garter- 


master  Corps  Observer  rlsited  all  United  States  corps,  dlri-  • 
sions  and  reglntnts  of  the  Eighth  Army  and  interviewed  their 
quartermaster  and  supply  personnel  regarding  the  status  of 

cold  weather  clothing  and  equipts# nt  within  the  unit*  The 

0 

Observer  also  Interviewed  350  frostbite  patients  and  obtained 
free  each  case  a complete  list  of  clothing  worn  at  time  of 
injury*  Particular  attention  was  paid  to  deficiencies  in 
availability,  use  and  construction  of  each  Item. 

Prom  the  surveys  and  Interviews  certain  conclusions  were 
reached.  The  supply  of  winter  clothing  was  adequate  and  very 
effectively  handled  at  all  echelon  of  supply.  With  few  ex- 
ceptions the  necessary  cold  woather  clothiig  was  available  in 
sufficient  tina  to  provide  the  troops  protection  against  the 
Korean  enrironrent.  T.n  vat-cold  uniform  issued  to  United 
States  troops  in  Korea  for  the  winter  of  1951-52,  in  no at 
cases,  provided  adequate  insulation  ar.4  protection  against 
the  root  severs  cr.vir.jr.  r.ntal  conditions  experienced,  the 
ahcepr.c  provided  creator  prelection  to  troeps  in  the  roar 
or  noneoriat  cress  thin  did  the  leather  corb.it  boot.  The 
insulated  rubber  cc.r.bnt  b-st  ins  found  to  be  tiio  coot  suit- 
able bootgear  for  wnt-cold  conditions.  The  insulated  boot  was 
probably  directly  responsible  for  a reduction  in  the  incidence 
of  frootbite  of  the  Test  sustained  by  United  States  soldiers 
in  .Tore*  during  ths  winter  of  1951-52.  The  trigger  finger 
nit tens  provided  the  coot  protection  against  cold  injury  but 

‘ c C 

did  not  prevido  a t tiifactoiy  degree  of  dsiterity,  th-rufore, 
were  often  rc-.mved*  The  wct-eold  training  program,  vrintur 
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1951-32.  ms  superior  to  that  of  1‘, *0-51.  - -- 

0.  P re -Expo  sure  Survey  of  Coobat  Troops.  Korea.  1951-52 
' (See  Section  III) . 

1 total  of  1.628  front-line  infitfitryaen  were  studied  during 
the  period  8 Kovenber  1951  to  1 February  1952.  Ar.  additional 
120  hospitalized  frostbite  patients  were  Interviewed. 

The  population  represented  by  the  pre-exposure  questionnaire 
reflected  a random  sampling  of  t)ie  Eighth  Any  In  so  far  aa  the 
-distribution  between  Whites  and  Negroes  was  concerned.  The 
distribution  of  this  group  by  climatological  region  of  origin 
did  not  differ  from  that  of  the  epidemiological  control  group. 
Thia'  permitted  eootlnntlon  of  these  two  groups  for  statistical 
evaluation  of  climatological  origin. 

Only  tvo  of  the  1,623  infantrymen  eventually  fcccnne  frostbite 
casualties.  Consoqu'  ntly»  no  analysis  of  the  pro-exposure  data 
was  attempt'd  in  order  ts  delineate  possible  factors  of  consti- 
tutional suacvptibility  to  cold  injury. 

E.  tVMr.rJolegy  of  Fr.stbite,  Korea.  1951-52  (See  Section  IV) 

An  cpMeniolV'-lccl  etu.!y  of  the  relationship  of  cold  trauma 
to  the  oo-.tat  soldier  in  Korea  during  1951-52  dealt  with 
l.OMi  care*  of  cold  injtis7.  Data  on  716  cases  of  frostbite 
and  £.55  "bunker-cate"  controls  were  analysed.  In  addition, 
selected  data  on  1.623  pre -expo  sure  controls  were  utilized. 

Relatively  ldrh  linear  correlations  of  frostbite  incidence 
with  dally  average  temperature,  daily  mini-run  temperature  and 
daily  average  w’.r.d-rhill  ware  ob-tairod.  Separation  of  data 
according  to  intensity  of  combat  penal  ttcl  fairly  reliable 
prcdictiea  for.-.-il.-.e  to  Is  calculate  l touch  applicable  only 
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to  comparable  situation*.  th*  oathod  appears  t*  bold  prosdss 
for  future  prediction  calculations  in  other  typo*  of  situation*. 
Th*  Man  dally  nlnlw  teeperatur*\o  which  th*  eases  war*  ex- 
posed was  11*  f.  and  tba  abeolut*  low* it  temperature  was  -11*  P. 
Tho  Man  wlndchlll  daring  exposure  waa  600  Kg.  eal/M^/h r. 

Dm  Man  duration  of  axpjaur*  of  frostlltteu  eaaos  waa  10 
hours,  but  varied  with  tbo  • pacific  typo  of  activity. 

Although  both  caaca  and  "tanker-oats"  controls  were  exposed 
to  similar  environmental  factors  including  specific  ^alcro- 
activity"  such  aa  Isaobllltlng  er.tqy  action,  thw  eases  showed 
markedly  less  muscular  movement  then  did  the  controls. 

The  absolute  number  of  frostbite  eases  of  the  feet  occurring 
in  shoe;!'.ca  was  gre  .ter.  tat  calculati-ns  tcaallsir.s  uxpovire 
r-vs-*d<>d  that  tho  lesthor  ceV.at  boot  *»s  r.ore  cciaNeive  to 
ftestbite  and  t.o.-o  fri.cjscatly  caused  greater  severity  of  injury. 

The  following  bo'.'tgacr-'.refcg.er  oo-hinutiona  w-.ro  lnodcc.jato 
In  insulating  po.rcr  for  the  Screen  cUr.r.tic  conditions  and  led 
to  a significantly  greater  nuober  of  frostbite  eariat 

a)  A single  pair  of  cu.-hlen  cola  seeks  In  lar.thcr  tests. 

b)  A tingle  pair  cf  cushion  cols  socks  In  ehoepaca. 

Bootgear-sockgeor  ec=biw»tic.is  found  to  be  constrictive  and 

conducive  to  frostbite  were:  ' 

a)  Two  pair  wihien  sole  sacks  in  leather  combat  boots. 

b)  One  pair  ski  seeks  in  leather  eo-.but  boots. 

‘ “Ce.jVit  troops  frv^c'r.tly  fail'  d to  carry  extra  footwear  ' 
c (socks  end  in:ol«r.)  for  changing  vhor.sver  tho  situation  per- 
mitted. Of  252  e»c*s  in  situations  pB-r.'.ttlng  soil:  nr,d  insole 
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change  only  77i  carried  this  extra  footwear*  whereas  of  ZLt 
controls  In  alnllar  situations  92JJ  carried  extra  footwear. 

Inadequate  Insole  change  contributed  significantly  to  frost-. 

■ ■ & 

bite  incidence  In  troops  wearing  ahoepacs. 

o 

A significant  excess  of  eases  .with  frostbitten  hands  wore 
either  no  handgesr  or  incomplete  glove  ensembles  st  time  of 

injury.  ‘ • 

• e • 

Previous  cold  Injury  Indicated  s predisposition  to  frost- 
bite. The  attach  rats  fdr  soldiers  not  previously  col<f 
injured  was  2.6  per  1*000  compared  to  5«0  per  1*000  for 
soldiers  previously  cold  Injured. 

Collateral  significant  evidence  was  demonstrated  which 
strengthened  the  impressions  from  the  ne-iropsychiatric  atudy 
that  the  froatblte  case  tended  to  be  a paasive*  nogatlvlstlc* 
hypochondriacal  Individual.  Thia  evidence  Included  the 
factors  of  less  cm  ocular  activity  in  situations  permitting 
greater  activity*  relative  inattention  to  carrying  extra 
footwear  and  less  smoking. 

The  Rcgro  was  proven  to  be  at  greater  risk  of  attack  by 
frostbite  (six  times)  when  all  environmental  conditions  were 
equalized.  At  the  regimental  level  his  rate  was  35.9  per 
1,000  as  so-npared  to  5*8  per  1,000  for  the  White  soldier. 
Kegroea  had  more  severe  degrees  of  frostbite  than  did  the 
Whites. 

The  climatic  region  of  origin  of  the  soldier  was  shown  to 
be  a highly  significant  factor  among  Whits  troops  in  the 
incidence  of  frostbite.  Origin  from  .armer  climates  of  the 
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United  States  (or  Hawaii  and  Puerto  Rico)  Indicated  a pre- 
disposition to  frostbite.  There  ms  more  evidence  for 
accastoei ration  rather  than  aeeliaatitatlon  as  an  explanation 
for  this  difference. 

P*  Clinical  Evaluation  (See  Section  ?) 

A total  ef  716  confirmed  eases  of  frostbite  were  evaluated 
with  respect  to  possible  contributing  factors,  anatomical 

e 

site,  severity  of  injury  and  therapy.  A comparison  of  the 
incidence  figures  for  1950-51  with  those  for  1951-52  revealed 
the  fact  that  there  Me  a marked  reduction  In  the  severity 
of  told  injuries  for  the  latter  period.  Possible  factors 
contributing  to  the  decreased  incidence  ere  discussed  in 
subs.^tnt  sections. 

■y  ... 

The  efficacy  of  the  therapeutic  regimen  ms  Inversely 
r*l*tei  to  the  w.ei'at  ef  time  elapsing  between  the  occurrence^., 
of  th»  injury  end  the  initiation  of  treatment  ("pre-evacuation 
perioC1’).  When  the  pre-evneuation  period  exceeded  10  hours 
b>  differences  in  Healing  rates  existed  between  the  specific 
and  c~.f.po rtive  therapy  greups.  The  earn  length  of  the  pre- 
ivaceatlon  period  of  716  cases  ms  102  hours  while  the  corre- 
epeoiing  aeon  value  for  1C$  esses  selected  for  therapeutic 
evaluation  was  1?  hours.  These  delays  were  usually  due  to 
, failure  of  the  casualty  to  report  promptly  to  his  unit  sur» 
(tee. 

0 7.*  east  objective  criteria  employed  to  asssss  the  relative 

. 1 ' irprrr.vsco  of  the  factors  contributing  to  frostbit*  were  the 
tire  required  for  dr/ing  of  the  vesicles  and  the  lire  for 
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healing  of  tha  lesions. 
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U ’J  drying  time  of  vesicles  and  tha  healing  of  frostbiie 

laaiuta  ware  dependant  upon  tha  decree  of  in>iry»  In  that 

fir  ft  and  aeeond  decree  lesions  which  war*  of  approximately 

'V' 

tha  saae  order  required  less  time  than  did  third  degree 
injurle*.  The  clinical  course  of  tha  injuries,  was  not  Influ- 
enced by  the  anatomical  situ  of  tha  leaiona  except  In  aeeond 
degree  where  the  healing  time  for  hand  caaea  vgs  shorter 
than  for  feet. 

Tha  drying  time  of  vesicles  and  the  healing  of  the  frost- 
bite leslona  wero  not  dependent  upon  the  race  of  the  patient. 

Cold  exposure  periods  over  8 hours  Increased  the  vesicular 
drying  time  of  second  degree  lesions  and  prolenged  the  heal- 
ing of  eeccnd  decree  frostbite  of  the  feet.  The  healing  of 
first  end  third  decree  frostbite  of  the  feet  and  all  lesions  • 
of  the  hands*  however*  was  not  prolonged  by  longer  periods 
of  exposure. 

The  vesicular  drying  time  was  charter  In  cases  of  third 
degree  frostbite  rewarded  at  room  temperature  as  compared 
to  similar  lesions  rewarded  by  walking,  exposure  to  an  open 
fire  or  by  massage.  Third  degree  lesions  of  the  feet  re- 
warded at  room  temperature  took  less  time  to  heal  than  did 
equivalent  injuries  vhoro  rev.ireing  was  accomplished  by 
vailing.  casscgo  or  trposure  to  an  open  fire.  The  healing 
of  first  and  second  decree  frostbite  of  the  feet  and  a^l 
lesions  of  the  h.  ndn  was  i.ot  alversely  affected  by  any  one 
sir.gls  nothod  of  rcv.urlng. 
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When  the  delay  in  evacuation  after  injury  exceed  ad  2&  hours 
Dm  drying  tine  of  vesicles  was  prolonged  In  eases  of  second 
degree  frostbite.  The  factor  of  delay  in  evacuation  also  pro- 
longed the  healing  of  first  degree  frostbite  of  the  feet. 
Reeling  of  second  and  third  degree  frostbite  of  the  feet  and 
ell  lesions  of  the  hands  ms  not  affoetod  by  this  factor. 

The  drying  tine  of*  vesicles  in  second  and  third  degree  frost- 
bit#-of  the  fast  ms  lncrssasd  when  the  injury  ms  incurred  In 
leather  boots  as  coopered  to  ainilar  easaa  wearing  shoe  pace 
or  insulated  rubber  boots.  The  healing  tine  for  first,  second 
and  third  degree  frostbite  ms  greater  in  those  ceaes  wearing 
leather  boots  as  coopered  with  patients  having  ainilar  degrees 
of  ihjury  but  equipped  with  ahocpcca  or  insulated  boots. 

Tlie  typo  of  bandgear  (or  nbsence  thereof)  worn  at  tine  of 
injury  did  not  alter  the  drying  tine  of  vesicles  or  the  heal- 
ing rets  of  frostbite  lesions  of  tin  hands. 

A longer  vesicular  drying  tine  for  second  degree  frostbite 
occurred  when  the  preinjured  ext realty  was  wet.  The  healing 
of  frostbite  of  the  hands  or  feel  was  not  influenced  by  the 
• factor  of  wetnoss  or  dryness  at  tine  of  injury. 

In  these  evaluations  the  differences  l.n  healing  tines,  es 
snail  es  they  nay  appear,  could  assume  very  si  if leant  pro- 
portions in  terns  of  manpower  loss  and  hospital  cost  when 
nailtiplled  by  hundreds  of  cases. 

- • C : 

C.  Treatment  of  Third  Degree  Frostbite  Ulcerations  by  Shin 
, c Crafting  (See  Section  VI)  - - V . c e 

' C V ■ i :■  C ' 

% The  slew  rate  of  healing  of  third  degree  frostbite  ulcers 
of  tie  toes  is  responsible  for  a large  portion  of  the  time 
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patients  with  this  lesloe  ar*  hospitalized.  The  result'* 
ant  Ions  of  oanpower  and  U-e  effect  of  the  prolonged'  state 
of  invalidism  upon  the  morale  of  the  individual  am  si,7iifi- 
eant.  therefore  an  Investigation -of  the  possibility  of 
* hastening  ti.e  res  tors  tine  of  epithelial  continuity  In  these 
eases  by  the  application  of  skin  grafts  was  undertaken. 

The  affective  circulation  in  toes  with  third  decree  frostbite 
was  inadotjoals  to  produce  survival  of  plncl:  grafts.  Presum- 
ably this  deficiency  is  the  circulation  is  responsible  far, 

*4ic  slow  rate  of  healing  or  these  lesions.  Treatment  of  ‘ 1 

W 

the  patient  with  • potent  vasodilator  drag,  H strives.  facili- 
tated the  survival  of  pinch  crofts  especially  when  the  ulcer 
bed  was  prepared  by  eininlstration  of  the  drug  for  one  or 
two  days  before  the  operation.  Although  it  could  not  be 
proven  statistically,  treatment  of  third  degree  frostbite 
ulcers  with  ntstriun  Kti  pinch  grafts  definitely  appeared 
to  decrease  the  tire  retired  for  eor-plete  re-epithelinli- 
zatlon  of  these  lesions. 

H.  Foot  Conditions  in  the  Several  Types  of  Bootgesr  Thder 
Costal  Conditions,  gores,  1951-52  (dee  Section  711) 

Fronl-lit.c  soldiers  from  three  regiments  of  a felled 

States  infantry  divislcr.  were  exr-ir.ed  in  Fore?  .during 

March  1952  for  sequelae  following  the  wearing  of  the  new 

insulated  ratter  conbut  toot. 

The  majority  of  tic  sen  w!io  had  worn  the  new  loot  felt 

that  it  incr*-.scd  sweating  of  the  feet.  The  ocr-eral  sub- 

„ecti /»  reaction  to  ti*  toot  was  til.’Jily  favorable. 

The  incldtr.ee  of  epiierrophytouir,  iypert.idrosis,  naecra- 
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tion  and  erythema  ms  significantly  higher  sssong  men  wearing 
the  insulated  boot  than  in  those  waring  the  ahoepae  or  the 
leather  combat  boot.  Significantly  higher  incidence  of 
epld e rnophytos  1*  and  erythema  persisted  even  when  the  insu- 
lated boot  had  been  replaced  by  the  leather  combat  boot  a 
few  days  prior  to  examination. 

The  findings  of  the  study  suggested  that  careful  attention 
to  foot  hygiene,  dally  sock  change,  avoidance  of-  prolonged 
uninterrupted  wearing  of  the  boot  and  use  of  the  boot  under 
vara  wather  conditions  art  essential  principles  in  the 
optimal  performance  of  the  insulated  rubber  combat  boot. 
Disregard  of  these  principles  stay  lead  to  a temporarily 
incapacitating  foot  syndrom  consisting  of  varying  degrees 
of  tenderness  and  pain,-  erythema,  hyperhydrosls  and  macera- 
tion. fungus  infection  may  be  superimposed  or  stay  occur  in 
increased  incidence  as  an  additional  finding. 

X.  A Study  of  the  Personality  Traits  of  Frostbite  Casualties 
(See  Section  VIII) 

A psychiatrie-psycnological  study  of  frostbite  was  performed 
utilising  $1  patients  who  had  Incurred  frostbite.  Two  control 
groups  were  concurrently  studied,  using  similar  procedures. 

One  control  group  consisted  of  20  soldiers  hospitalised  with 
combat  incurred  wounds,  the  other  consisted  of  51  healthy 
, soldiers  without  any  injuries  but  actively  engaged  in  combat. 
All  the  subjects  were  White  soldiers  except  for  25  Negro 
soldiers  in  the  frostbite  group.  The  frostbite  group  and  the 
combat  wounded  group  were  studied  by  means  of  a social  history 
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interview,  a psychiatric  Interview  and  a battery  of  psy- 
chological tests  including  tlic  Vocchuler- Bellevue  Intelli- 
gence Scale,  part  of  the  Tl'.enat-ic  Apperception  Teat,  the 
Minnesota  Multiphasie  Personality  Inventory,  a Sentence 
Cocplcllon  Test  and  the  Rorschach  Test.  The  healthy  combat 
soldiers  were  given  the  psychological  tests,  but  were  not 
seen  for  the  social  history  or  psychiatric  interview. 

Comparison  Bade  among  the  three  groups  of  subjects  indicated 
that  frostbite  patients  tended  to  have  constellations  of 
personality  traits  approximating  those  usually  psychiatrically 
diagnosed  and  classified  as  Izrcaturity  Reaction  ana  Schizoid 
Personalities. 

The  Mhlte  frostbite  patients  utilized  fewer  precautions 
' against  frostbite  than  did  the  hospital  controls.  The  hospital 
controls  as  a group  gave  evidence  of  a strong  drive  for  such 
attributes  as  prestige,  achievement  ani  dominance  which  lead 
to  respect  or  admiration  from  others.  B fcr  contrast  the  frost- 
bite group  showed  no  ore  single  dominating  drive,  indicating 
either  their  greater  heterogeneity  in  this  respect  or  a gen- 
eral asthenia  in  the  drive  mechanism. 

When  compared  with  combat  controls  the  frostbite  group 
showed  a higher  average  score  on  the  Rorschach  factor  labeled 
negativism.  Also,  the  frostbite  group  scored  higher-  than  did 
the  combat  controls  on  the  hypochondriasis  scale  of  the 
Minnesota  Multiphasie  Personality  Inventory.  ’ e 

Prom  the  statistically  significant  results  obtained  in  this 
study  or  i can  draw  a tentative  picture  of  a "cold-injury  per- 
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. Jt  A Bacteriological.  Ideological  and  Pathological  Evaluation 
of  Frostbit*  (Sac  Section  ZZ) 

The  study  of  frostbit*  from  a bacteriological,  nycological 
and  pathological  standpoint  ms  confined  to  108  cases  who  had 
been  selected  for  a therapeutic  evaluation. 

Forty-nine  percent  of  the  cultures  obtained  from  frostbit* 
lesions  mere  positive,  twelve  types  of  bacteria,  coaaonly 
found  in  the  gastrointestinal  tract,  on  skin  and  in  the  soil, 
were  identified.  Be  given  bacterium  ms  characteristic  of 
frostbite  lesions  nor  could  ary  be  related  to  severity  of  the 
injur/.  The  bacteria  were  considered  essentially  nonpathogenic 
and  to  a large  extent  secondary  invaders  in  open  lesions. 

Of  10$  cultures  for  fungi  only  nine  were  positive,  yielding 
growths  of  the  pathogenic  Trichophyton  fungi.  These  species 
’ of  Trichophyton  were  Identified  as  T.  nentagrophyte,  T.  rub  run 
and  T.  sulfureum  all  of  which  are  coaaonly  found  in  cases  of 
epidenaophytosis  of  the  feet. 

The  pathology  of  severe  frostbite  lesions  was  essentially 
that  of  chronically  inflaab. , ulcerated  and  gangrenous  tissue. 

The  bacteriological  and  pathological  changes  which  night 
otherwise  be  characteristic  for  frostbite  were  obscured  because 

c 

the  patients  had  received  extensive  antibiotic  therapy  and 
studies  of  their  wounds  were  not  mado  until  1$  to  134  days 
after  injury. 

K.  Foot-Sweat  Studies  on  Frostbite  Casualties,  Korea,  1951-52 
(See  Section  X) 

- c V •'  \ C . c c C 

A total  of  78  frostbite  patients  were  studied  at  periodic 
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Intervals  after  injury  with  respect  to  alterations  in  sweat* 
irg  of  the  feet.  There  were  no  significant  alterations  in 
the  accent  of  foot  sweat  oplected  with  respect  to  the  degree 
> cf  injury.  Patients  with  trilateral  or  bilateral  frostbite 
of  the  feet  showed  no  significant  variation  in  the  aaour.t  of 
sweat  collected  for  the  right  and  left  foot.  There  were  no 
racial  differences  in  the  foot-sweat  measurements.  The  aacunt 
of  sweat  collected  was  directly  related  to  the  tine  interval 
post-injury.  During  the  first  30  days  after  injury  the  frost- 
bitten feet  were  hypohidrotie.  Between  30  and  60  days  after 
injury  the  feet  became  Kyperhidrotie  and  Attained  so  for  at 
least  120  days. 

L.  Cold  Stress  Studies  on  Pcst-Frosthite  Patients  (See  Section  XI) 
Part  I.  Skin  Color  Changes 

The  results  of  the  cold  stress  study  were  evaluated  with 

.>  ' 

regard  to  the  color  charges  of  injured  digits,  severity  of 
injury  and  nusber  of  weeks  post-frostbite.  The  study  also 
included  observations  on  the  patients  while  either  under  the 
influence  of  prlacolir.c,  hexane  then  inn  or  sympathetic  blocks. 

. There  was  a relationship  between  the  degree  of  abnormal 

' c ' 

vasocotor  lability  of  the  frostbitten  extremity  and  the 
severity  of  the  injury.  The  digits  which  sustained  a more 
marked  degree  of  Injury  when  subjected  to  cold  stress,  de- 
veloped a more  marked  Jcgn.e  of  cyanosis  or  rubor,  indicative 
of  severe  vasoconstriction. 

During  the  application  of  cold  stress  the  abnormal  skin 
.color  changes  were  altered  by  using  either  priscolit.c. 
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hexjumthccd.ua  or  sympathetic  block*. 

The  Injured  parts  which  developed  sbnorasl  skin  color 
changes  during  the  period  of  cold  stress  also  experienced 
pain  varying  in  intensity  with  deepening  of  cyanosis  or 
rubor.  w 

Patients  during  cold  stress  while  under  thr  influence  of 
A vasodilator  had  a significant  lowering  o.f  oral  teoperaturea 
It  was  concluded  that  an  injury  due  to  cold  (frostbite) 
altered'  the  vaaoootor  response  of  the  ext  realty  to  subsequent 
cold  exposures  in  that  the  injured  part  readily  developed 
pain  and  abnormal  color  changes  indicative  of  narked  vaso- 
constriction. 

Part  n.  Skin  Temperature  Studies 
Skin  temperature  studies  were  performed  before,  during 
end  after  exposure  to  cold  Of  previously  frostbitten  and 
control  subjects.  The  results,  in  general,  substantiated 
clinical  observations  of  the  changes  in  the  circulation  of 
the  involved  toes  which  had  been  observed  after  frostbite. 
Shortly  after  injury  these  digits  showed  excessive  vaso- 
constrictor tone  which  was  modified  in  the  case  of  the 
severest  injuries  by  what  appeared  to  be  cutaneous  dener- 
vation of  the  involved  psrt. 

Skin  tecperat.ure  measurements  alone  were  not  capable  of 
defining  the  post-frostbite  syndrome  but  when  employed 
along  with  other  clinical  observations  assist  in  the  eluci- 
dation of  the  pathophysiology  of  this  condition. 
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M.  Yhe  Ascorbic  Acid  Status  of  formal  Soldiers  and  Frost- 
bits  Casualties,  Korea,  IV 51-52  (See  Section  XII) 

Serua  ascorbic  acid  determinations  were  nado  on  228  frost- 
bite casualties  and  1,698  nonal  combat  soldiers. 

Frostbite  casualties  who  subsisted  solely  on  combat  rations 
ingested  approximately  one-half  to  one-third  of  the  calories 
normally  required  for  satisfactory  nutrition  and  performance 
in  the  cold.  The  discarding  of  the.  coffee  and  cocoa  powders 
in  the  packaged  combat  ration  which  contain  most  of  the  daily 
supply  of  ascorbic  acid  necessarily  reduced  the  vitamin  C in- 
take to  a low  level. 

The  hospital  diet  (Osaka  Army  Hospital)  maintained  or 
improved  slightly  the  initial  vitamin  C concentration  of  the 
blood  (but  not  of  the  urine)  of  frostbite  casualties.  There 
was  a linear  relationship  ir.  frostbite  cases  between  the 
initial  concentration  of  serum  ascorbic  acid  and  the  number 
of  days  of  daily  supplementation  of  250  ngn.  of  vitamin  C to 
saturate  the  serum  with  ascorbic  acid.  - Among  95  frostbite 
patients,  76  required  from  U50  to  U, 000  ugra,  of  ascorbic 
acid,  over  a period  of  1.8  to  16  days,  to  achieve  serum  satu- 
ration. The  utilization  of  ascorbic  acid  by  the  frostbite 
casually  was  high. 

The  vitamin  C concentration  of  sterile  vesicular  fluid 
was  directly  related  to  the  amounts  of  vitamin  C found  in 
the  blood  sera. 

Low  blood  serum  ascorbic  acid  concentrations  were  more  fre- 
quently found  among  patients  with  severe  frostbite  (third  and 
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fourth  degree),  fifty  percent  of  the  1,698  healthy  United 
States  soldiers  stationed  in  the  far  East  exhibited  sense 
ascorbic  acid  levels  which  averaged  0.5  mgm.  per  100  cr. 
this  value  was  considered  to  bo  low. 

I.  Cold  Hemagglutination  Study,  Korea,  1951-52  (See  Section  012) 

Standardisation  of  the  cold  hemagglutinin  teat  was  essential 
in  the  investigation  dealing  with  frostbite  since  conclusion* 
were  based  on  a statistical  comparison  of  the  titers  of  sev- 
eral populations  of  soldiers. 

A study  to  determine  the  cause  or  effect  relationship  of 
cold  hemagglutination  to  frost!  its  was  made  by-  erapa  "ing  sev- 
eral different  populations  of  frostbite  patients  and  control 
• subjects. 

This  study  indicated  that  there  was  a high  incidence  at 
cold  hemagglutinins  in  normal  soldiers.  The  factor  of  great- 
est importance  for  eliciting  this  high  incidence  wcj  believed  • 
to  be  due  to  the  careful  control  of  the  reading  temperature. 

A racial  difference  in  cold  heocgglutinatlng  tendencies  was 
found.  The  United  States  Negroes  had  significantly  higher 
titers  than  Whites.  The  Mongolian  race  had  much  higher  titers 
than  either  White  or  Negro. 

Brief  repeated  cold  exposures  of  post-frostbite  patients  had 
no  appreciable  effect  on  their  existiiyc  cold  hemagglutinin 
titers.  o 

No  relationship  was  demonstrated  between  the  cold  hemagglu- 
tinin titers  and  the  anatomical  site  of  frestbite  injury. 

No  significant  correlation  was  found  between  titers  aid 
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maximum  degree  of  frostbite  among  White  patients*  The 
tilers  for  Segroes  with  third  an]  fourth  degree  frostbite 
were  significantly  higher  than  eases  with  second  degree. 


There  was  no  evidence  of  an  alteration  of  titer  distinctly 
Attributable  to  frostbite  itself.  This  evidence  was  derived 
from  statistics  which  showed  no  significant  alteration  in 
serial  titers  over  a period  of  6 weeks  post-frostbite. 

There  was  no  detectable  correlation  between  cold  hemagglu- 
tinin titer  aid  cdidsna  temperature  during  exposure,  average 
wind  chill  during  exposure  or  duration  of  exposure.  Likewise 
correlations  between  titers  of  patients  with  third  degree 
frostbite  and  el  nines  teeperaturj  during  exposure  or  duration 
of  exposure  were  not  significant.  This  lack  of  significant 
positive  correlations  for  the  above  factors  indicated  that 
cold  hcsuggluti nation  was  not  of  significant  importance  in 
the  pathogenesis  of  frostbite. 

Certain  portions  of  the  control  group  were  not  homogeneous 
. thereby  limiting  the  validity  of  sene  comparisons  made  with 
the  frostbite  patients.  Analyses  indicated  that  climatic 
envirorcaent  sight  have  a significant  nodifyitig  affect  on  cold 
hemagglutinin  titers.  A theory  wis  proposed  that  when  an 
individual  is  exposed  to  cold  weather  for  weeks  or  months  a 
reduction  in  titer  occurs  as  a result  of  an  increased  rate 
Of  destruction  of  cold  agglutinin.  The  comparisons  between 
titers  of  control  subjects  from  Korea,  United  States  ard 
iiawnii  were  compatible  with  such  a theory  in  that  those 


t coming  from  warner  climates  had  higher  titers.  Comparisons 
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between  cold  hemagglutinin  titers  end  native  climatic  regions 
failed  to  show  significant  differences,  indicating  that  if 
such  differences  had  existed  there  was  no  permanent  alteration 
by  past  environment.  The  cold  hemagglutinin  titers  among 
those  groups  which  were  cost  homogeneous  from  the  standpoint 
of  recent  environmental  conditions  were  normally  distributed. 
Distributions  were  not  normal  when  recent  heterogeneous  envi- 
ronmental conditions  existed. 

Higher  titers  ware  more  often  found  among  the  frostbite 
group.  When,  however,  the  control  and  frostbite  groups  were 
adjust*. d for  type  of  Korean  environment  from  which  they  came 
the  titer  differences  ware  not  impressive. 

One  sight  postulate  that  only  the  few  Individuals  having 
titers  of  1:4  or  less  had  resistance  to  frostbite  as  stegested 
by  a trend  of  low  incidence  of  such  low  titers  among  cold 
injured  patients. 

Studies  indicated  that  potent  "normal”  cold  hemagglutinins 
had  narrow  thermal  amplitudes.  The  rewarding  thermal  ampli- 
tudes were,  however,  higher  than  the  cooling  amplitudes. 

This  disparity  in  -cold  hemagglutination  was  discussed  with 
respect  to  the  rewarding  phase  of  frostbite,  i.e.  the  advisa- 
bility of  rapid  rewarming. 

In  this  study  the  degree  of  cold  hemagglutination  had  no 
practical  value  in  the  classification  or  prognosis  of  the  frost- 
bite. It  is  doubtful  if  cold  hemagglutinin  tests  could  be  used 
as  a screening  procedure  for  detecting  individuals  who  might 
be  susceptible  to  injury  by  cold. 
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O.  The  Significance  of  Sickling  Trait  in  Negro  Frostbite 

Casualties  (See  Section  XIV) 

The  incidence  of  sickling  traits  aaong  179  Negro  frostbite 

• f ‘ 

patients  did  not  differ  significantly  froa  the  expected 
incidence  in  an  average  United  States  Negro  population. 

There  was  no  relationship  between  the  sickling  trait  and 
severity  of  frostbite  aaong  the  Negro  patients.  The  heal- 
ing of  third  degree  frostbite  lesions  was  not  influenced  by 
tbe  presence  of  a sickling  trait  in  the  patient.  No  relation- 
ship between  cold  heaagglutinln  titers  and  sickling  trait  was 
established. 

P.  Protein  Studies  on  Frostbite  Patients  (See  Section  XV) 

A serum  protein  study-was  conducted  on  262  patients  with 
frostbite.  The  serum  protein  fractions  of  all  frostbite 
casualties  were  within  normal  limits.  The  sarue  protein 
level  of  Kegro  frostbite  patients  was  significantly  higher 
than  that  of  White  patients.  The  fourth  degree  frostbite 
patients  had  significantly  lower  albumin  and  higher  alpha 
and  garaa  globulin  levels  than  the  less  severely  frostbitten 
patients.  The  reason  for  this  variation  remains  obscure. 

The  sera  of  frostbite  patients  with  a low  normal  protein 
value  had  correspondingly  low  ascorbic  acid  levjls.  The 
total  protein  content  of  the  vesicle  fluid  from  second  and 
third  degree  frostbite  was  generally  lower  than  that  of  the 
corresponding  blood  oenn. 

V.  DISCUSSION 

A.  Preventive  Aspects 
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Troop*  Bust  be  taught  that  COLD  and  IKMOBILIZATTOn  art  thu 
two  primary  causative  factors  in  tbs  production  of  cold  In- 

. ' a 

Juries,  1,*.  to  frostbit*. 

1.  Weather 

Kan  has  no  control  over  weather  conditions  but  famili- 
arity with  usteorolngic  phenomena  can  lead  to  a mi nlni na- 
tion of  cold  weather  effects  on  the  soldier  during  th* 
active  phases  of  cochat.  Tram  the. experience  gained 
following  the  installation  of  weather  stations  in  conbat 
units  in  Korea  during  the  winter  of  1951-52  it  is  believed 
that  weather  Information  and  simple  weather  predictions 
can  be  applied  in  the  planning  of  tactical  operations  with 
regard  to  type  ef  clothing  to  bo  worn,  extra  items  of  gear 
to  be  carried  and  fixirg  the  duration  of  the  given  mission. 

AH  soldiers  and  particularly  the  unit  cocaanders  of 
platoons,  companies,  battalions  and  regiments  should  bo 
familiar  with  utilisation  of  simple  meteorological  princi- 
ples such  as  humidity  (Dew  Point),  clnlnaa  temperature, 
wirdchill  and  ground  surface  condition. 

Sooe  existing  weather  conditions  will  require  shortening  of 
the  exposure  tics  of  soldiers  engaged  in  ambush  patrols,  outpost 
guard,  general  guard  or  motor  movements  in  open  vehicles  despite 
the  adequacy  of  furnished  clothing  and  equipment  a:>d  the  pur- 
pose of  such  gear.  This  can  frequently  be  anticipated  by  h n 
appraisal  of  the  existing  weather  conditions  and  the  prediction 
for  the  ensuing  12 -hour  period.  If  s notor  movement,  in 

ambient  temperature  below  25*  ?.,  requires  more  than  one  hour 
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it  should  b«  the  convoy  comander's  responsibility  to  dis- 
mount all  troop*  hourly  for  5 to  10-ednute  periods  of  physical 
activity*  When  aabient  temperatures  below  0*  F.  exist  tha 
troops  should  be  discounted  every  30  nlnutas.  The  dismounted 
activity  should  b*  vigorous  enough  to  produce  adequate  ra- 
wurning  yet  short  of  causing  excessive  sweating*  In  February 
1951s  a nonstop  6-hour  open  Motor  moreosnt  of  on*  battalion 
when  the  aufcient  teeperature  was  10*  F.  resulted  in  110  cases 
of  frostbite. 

Frostbit*  is  is  pendent  not  only  upon  a low  aabient  tempera- 
ture but  also  upon  the  condition  of  the  ground  surface.  The 
decision  for  wearing  the  various  types  of  bootge.r.  naasly, 
leather  conbat  boots*  as  opposed  to  shoepacs  or  Insulated 
rubber  boots  should  be  predicated  not  only  upon  the  prevailing 
weather  and  ground  conditions*  but  also  upon  anticipated  and 
predictable  weather.  If  one  unit  comander  in  Kovenfoer  1951 
bad  nade  the  correct  estimate  of  potential  weather  and  ground 
surface  conditions,  he  would  net  have  subjected  hie  troop* 
equipped  in  leather  eoobat  boots  to  falling  temperatures  and 
wet  ground  surface  conditions.  His  unit  had  been  issued 
shoepacs  which  were  left  in  the  reserve  area  in  tha  regimental 
supply  train.  This  olsjudgnent  plus  a similar  on*  in  another 
unit  contributed  one -third  of  the  total  number  of  frostbite 
cases  in  1951-52. 

2.  Isnobllizatlon 

Inrobilization  of  the  soldier  is  a major  factor  that  can 
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often  be  altered  by  the  unit  ceemander.  Inobllisatlon 
occur*  when  the  soldier  is  pinned  down  by  emnqr  fire, 
placed  on  interior  guard  duty,  assigned  to  an  outpoet 
guard  position,  sent  on  ambush  patrol  or  placed  In  a 
notor  movement.  A soldier  is  ^mobilised  when  he  is 
unable  to  non  about  freely  due  to  a situation  beyond 
his  iscaediate  control  or  through  his  own  neglect  such  as 
falling  aaleep  while  exposed  to  a low  aablent  temperature. 
The  vast  majority  of  frostbite  cases  occur  during  periods 
of  inobilixation.  Modification  of  lsmbllixatlon  in  a 
low  ambient  teeperature  can  bo  accomplished  in  two  ways; 
first,  by  alnisdsing  inability  (increasing  physical 
activity)  of  the  troops  and  second,  by  utilising  the  proper 
winter  clothing,  including  foot  and  handgear.  Movement 
of  troops  on  foot  that  will  be  followed  by  e period  of 
lsswbillzatlon  due  either  to  eneny  fire,  guard  duty  or 
ambush  positioning  will  often  require  a change  of  socks 
between  the  period  of  the  earth  and  the  period  of  Immobili- 
sation in  order  to  lengtiien  safely  the  exposure  period. 

This  must  be  anticipated  when  planning  the  tactical  opera- 
tion giving  consideration  to  the  weather  and  ground  sur- 
face conditions  to  be  encountered.  If  these  simple  prin- 
ciples are  not  utilized  the  soldier  may  enter  the  period 

c 

of  lcrjobill  ration  with  clothing  saturated  with  sweet  which 
conducts  heat  rapidly  away  from  the  body.  The  same  con- 
sideration applies  to  the  soldier  who  will  Wsde  a stream 

r : = c < ■:  . o 

or  possibly  break  through  ice  during  the  operation. 
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J.  Body  Clothir^ 

A standard  number  of  layers  of  clothing  cannot  bo  pre- 
scribed for  universal  wear  throughout  winter  Booths. 

. Weather  changes  rapidly  and  unit  eocmnders  nt  be 
constantly  aware  of  these  variations  so  as  to  regulate 
the  body  clothing.  The  basic  recoaaendatlons  froo  the 
Quartermaster  Corps  relate  only  to  a standard  weather 
type  uniform.  These  reeoaasndatlons  were  not  Intended 
to  exclude  unit  Initiative  In  the  selection  of  clothing 
as  weather  changes  occur.  The  decision  to  put  on  or 
take  off  certain  items  of  clothing  should  not  bo  arngr- 
vide  with  respect  to  tine.  Flexibility  oust  bo  pro- 
vided for  local  conditions.  Certain  basic  principles 
regarding  the  layers  of  body  clothing  are  frequently 
overlooked  or  neglected.  This  includes  the  ventilation 
of  the  body  during  physical  activity,  cleanliness  of 
clothirg  to  prevent  loss  of  insulation  and  the  avoidance 
of  constriction,  such  as  produced  by  snug  fitting  boots, 
underwear,  sweaters,  jackets  and  trousers.  This  also 
includes  the  securing  of  trouser  legs  be  means  of  rubber 
bands  or  lacing  the  top  of  boots  too  tightly. 

It  is  reeocoended  that  all  soldiers  within  the  regloental 
eoabat  zone  be  equipped  with  the  insulated  rubber  combat 
boot.  All  other  soldiers  outside  this  sens  of  combat 
should  be  issued  the  ahoepac.  The  proper  fitting  of  boot- 
gear,  especially  the  insulated  boot,  is  Dost  Important, 

Hie  responsibility  for  proper  fit  should  rest  directly 
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with  the  platoon  and  cccpany  coeaanders  who  mat  prevent 
individual  "swapping"  alter  issue  of  the  bootgear. 

Ekphasia  should  be  placed  on  the  use  of  a single  pair 
of  wool  cushion  adle  socks  with  tha  insulated  rubber  boot. 
Any  ether  eoabinatlom  of  socks  are  constricting  to  the 
feet.  Many  wrong  ecefcinations  of  sockgear  are  worn  with  . 
the  shoepae.  Twenty  percent  of  the  eases  of  frostbite 
daring  1951-52  wore  eocbinations  considered  either  to  be 
constrictive  (12$)  or  provided  inadequate  insulation  (81). 

Exchange  of  sockgear  is  Important  with  the  insulated 
rubber  boot  because  of  increased  sweating,  retention  of 
sweat  and  a lowered  resistance  to  epidemophytosie.. 
Although  sweating  in  this  boot  does  not  contribute  to  the 
loss  of  insulation,  it  nevertheless  leads  to  the  problem 
of  naceratlon.  Kaceration  as  used  here  refers  to  the 
softening  of  the  sole  of  the  feet  by  the  retained  sweat. 
TTauna,  produced  by  walking,  to  Race  rated  tissues  results 
in  a denudation  or  less  of  skin  from  the  sole  of  the  foot. 
These  denuded  painful  feet  will  require  a period  of  5 to 
10  days  hospitalisation. 

During  the  winter  of  1951-52,  30?  of  the  frostbite  cases 
did  not  have  available  the  extra  components  of  sockgear 
and  insoles  (for  shoepaes  only)  for  the  required  daily 
change.  Analyses  also  indicated  that  33?  of  the  frost- 
bite casualties  did  rot  comply  with  the  directives  con- 
cerning the  dally  exchange  of  sockgear  and  insoles.  These 

errors  occurred  despite  relatively  static  tactical  aitua- 
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lions-  without  any  disruptions  of  supply  and  comm  ml 
channels  by  eneay  action. 

Present  directives  state  that  soskgear  and  insoles 
will  he  changed  at  least  on.-'-  dally.  Occasions  arise 
when  the  soldier  will  have  to  wade  through  water  or 
take  part  In  strenuous  physical  activity  with  excessive 
sweating  which  will  require  exchange  of  these  iteas  in 
order  to  preserve  the  insulation  and  avoid  excessive  loss 
of  boat  froa  the  extremity.  These  conditions  My  require 
a change  of  insoles  and  sockgear  several  tines  within  a 
day.  Unit  cecoanders  in  their  planning  of  operation 
should  take  this  fact  into  account  and  lnstltate  steps 
In  advance  to  provide  an  extra  supply. 

The  coctanders  of  snail  units  (platoons  and  companies) 
should  not  as suae  that  a given  tactical  situation  will 
prevent  the  soldier  froa  replacing  his  wet  socks  and/0** 
insoles  with  dry  ones.  He  should  be  able  to  foresee  such 
events  and  direct  the  troops  to  carry  this  extra  gear. 

Many  of  the  casualties  stated  that  they  were  ordered  by 
their  platoon  leaders  to  strip  themselves  of  all  extra 
gear  prior  to  a particular  cocbat  activity.  Consequently 
many  of  the  soldiers  discarded  their  extra  pairs  of  socks 
and/or  insoles  believing  that  they  wore  fallowing  the 
order  issued  by  the  platoon  leader.  Subsequently  during 
the  ensuing  combat  operation  wetting  of  the  feet  resulted 
froa  either  wading  through  sire  ana  or  by  excessive  sweating 
froa  vigorous  physical  activity.  Often  during  the  operation 
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these  men  were  then  positioned  on  eh  outpost  guard  or 
In  ambush  patrol  where  lamb  111  nation  coupled  with  wet 
' feet  occurred.  Such  incidents  usually  resulted  in  a loss  - 
of  manpower  by  frostbite. 

There  are  no  provisions  for  the  immediate  replacement 
of  handgear  which  has  beccem  wet,  torn  or  lost  during  a 
tactical  operation.  Although  extra  Inserts  are  often 
provided,  no  provisions  have  been  Bade  for  the  replacement 
of  the  outer  shells  which  frequently  become  wet.  In 
addition,  the  operation  of  certain  weapons  and  the  execu- 
tion of  many  procedures  during  a tactical  operation, 
using  the  presently  prescribed  handgear  necessitates 
removal  of  this  gear  to  perform  the  task.  It  is  strongly 
recamasnded  that  all  soldiers  undergo  repeated  super- 
vised periods  of  practice  in  handling  their  weapons  while 
wearing  the  complete  mitten  ensemble.  These  practice 
sessions  should  be  conducted  by  the  squad  and  platoon 
leaders  throughout  the  winter  whenever  the  tactical  situa- 
tion permits.  It  would  be  a major  contribution  if  a type 
of  handgear  could  he  designed  that  would  be  impervious  to 
moisture  and  yet  pannit  dexterity.  The;;  above  statements 
are  based  upon  many  observations  during  two  sinter  cam- 
paigns in  Korea.  One  example  le  the  inability  cf  the 
company  aidman  to  apply  dressings,  administer  morphine 
or  plasma  without  renovirg  his  gloves.  Other  examples 
include  inability  to  pull  grenade  pins,  the  unj arming 
of  weapons  and  the  manipulation  of  the  sighting  mechanism 
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of  various  weapons.  Lacking  handgear  of  the  above 
recooaended  design,  and  in  order  to  prevent  the  loss 
of  handgear  it  is  strongly  recooaended  that  the  hand- 
gear  he  secured  to  the  individual  by  the  use  of  a neck 
cord  or  some  other  siailar  device. 
km  Soldiers  at  Special.  Risk  to  Cold  Injury  . ' 

The  five  gi cups  of  soldiers  who  comprised  the  najority 
of  frostbite  casualties  during  the  winter  of  1951-52  were: 
the  fatigue  group,  the  racial  group,  the  diaatic  group, 
the  previous  cold  injured  group  and  the  negativistie  group. 

The  fatigue  graup  is  comprised  of  soldiers  who  have  been 
in  active  combat  for  30  days  or  more  without  rest  and  are 
in  a state  of  physical  and  mental  exhaustion.  The  racial 
group  is  comprised  of  i!egroeo  who  are  at  six  tines  greater 
risk  for  frostbite  than  the  Whites.  The  climatic  group  is 
made  up  of  soldiers  who  originate  from  and  have  spent  most 
of  tneir  life  in  the  warmer  regions  of  the  Jnited  States 
(mean  minimum  temperature  for  January  above  *20*  f.).  The 
previous  cold  injured  group  is  comprised  of  soldiers  who 
. have  had  frostbite  and/or  trenchfoot.  These  individuals 
are  two  times  at  risk  to  further  cold  injury  than  are 
soldiers  who  have  never  been  injured  by  cold.  The  r.egativ- 
istic  group  is  made  up  of  soldiers  who  have  constellations 
of  personality  traits  that  can  be  classified  as  immaturity 
reactions.  The  negativistie  trait  refers  to  the  tendency 
to  oppose  by  thought  or  action  any  effort  to  influence 
ore's  behavior. 
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and  painful. 

The  individual  soldier  should  be  taught  that  even  during 
periods  of  immobilisation  he  can  carry  on  physical  activity 
or  novciient  without  exposing  himself  to  the  enesy,  thus 
preventing  co\i  injury  to  a great  extent.  The  individual 
should  begin  his  cove  cents  long  before  the  appearance  of 
the  warring  signs  of  cold  injury,  namely,  numbness  and/or 
the  sensation  of  cold.  In  order  to  insure' that  the  irdi- 
vidual  is  carrying  on  physical  movement  it  should  be  the 
responsibility  of  the  squad  and  platoon  leaders  to  check 
frequently  on  the  individuals  when  they  are  stationed  on 
outpost  duty,  gv-ard  duty,  riding  a vehicle  or  any  other 
occasion  when  tactically  possible. 

6.  Command  Responsibility 

. The  chain  of  cocraand  for  the  prevention  of  cold  injuries 
should  wort  in  both  directions  so  that  errors  in  supply, 
rotation  of  personnel  or  alterations  in  tactics-  operations 
reported  by  the  snail  unit  comardet  can  receive  the 
prompt  attention  of  the  higher  echelons  for  corrections. 

Repeated  indoctrination  of  soldiers  in  the  principles  of 
prevention  of  cold  weather  injuries  is  candatory.  The 
responsibility  for  this  indoctrination  must  .e  delegated 
to  the  squad.,  platoon  and  company  cor.nanders.  The  Indoc- 
trination of  their  troops  should  be  instituted  long  before 
the  onset  of  cold  weather  and  not  after  the  first  cases  of 
cold  injtiry  occur. 

All  combat  units  of  company  Disc  or  larger  should  have  a 


Cold  Injury  Control  Officer.  It  should  bo  his  duty  to 
promote  the  training  for  cold  weather  operations,  advise 
unit  ccroc  *iers  on  errors  in  supply  and  utilization  of 
personnel  in  tactical  operations.  He  should  investigate 
.thdse  causative  factors  in  each  case  of  cold  injury  within 
bis  unit. 

It  is  Mandatory  that  the  squad  leader  examine  the  feet 
of  his  men  daily.  The  medical  corpsmen  assigned  to  the 
platoon  Bust  inspect  the  feet  of  the  platoon  members  at 
least  three  tines  a week.  During  each  inspection  partic- 
ular attention  should  be  paid  to  the  combination  of  sock- 
gear  be  h,  worn,  the  cleanliness  of  sockgear,  the  sizing 
of  the  bootgear,  the  cleanliness  of  the  feet  and  evidence 
of  areas  of  constriction  on  the  tips  of  the  toes  and  along 
the  side  of  the  great  toe,  as  well  as  at  the  ankle  and 
lower  calf  levels.  Unit  commanders  should  not  be  satisfied 
with  merely  issuing  the  order  to  squad  leaders  to  inspect 
the  feat  doily  but  should  call  upon  such  squad  and  section 
leaders  for  a report  of  their  inspection.  This  can  be 
verbal  to  simplify  the  procedure.  Similarly,  the  demand 
for  such  reports  can  be  carried  upward  through  the  command 
to  the  regimental  level  os  a check  on  the  execution  of 
such  orders  which  is  important  to  the  prevontion  of  cold 
injury.  In  this  fashion,  deficits  in  supply,  lack  of 
understanding  of  earlier  orders  and  other  correctible 
conditions  can  come  to  the  attention  of  the  command. 

The  unit  cocmnder  who  runs  his  ci.ses  "underground* 


'<rj 


in  order  to  preserve  or  present  a good  record  la  not 
conserving  manpower.  Once  a soldier  has  Incurred  a 
bona  fide  cold  injury  he  should  promptly  be  evacuated.  • 
Retention  of  this  individual  within  the  unit  may  upon 
subsequent  re-exposure  to  cold  develop  an  even  sore 
serious  degree  o 7 injury*  It  is  a well  established 
fact  that  individuals  with  a olid  to  noderate  degree  of 
frostbite  .are  nore  susceptible  to  cold  than  the  uninjured 
individual,  the  already  injured  soldier  la  a distinct 
liability  to  his  unit,  in  subsequent  tactical  operations 
* during  cold  weather. 

B.  Clinical  Features 

The  earliest  effects  of  cold  were  rot  elucidated  In  this 
st  .4y.  The  principle  reason  for  this  was  the  delay  of  the 
patient  in  reaching  a medical  installation  after  being  injured. 
Therefore,  still  lacking  is  the  documentation  of  the  gross 
tissue  changos  that  take  place  immediately  after  the  rewarding 
of  the  injured  part  and  up  to  2U  hours  after  injury.  Until 
this  information  is  obtained,  recognition  and  proper  classifi- 
cation of  the  inj\iry  remains  inconsistent.  Ko  knowledge  was 
gained  on  the  question  of  amelioration  of  the  severity  of  the 
injury  by  noons  of  therapy  prior  to  UO  hours  after  injur/, 
lessening  of  the  soverltj  of  injury  by  therapy  after  this 
interval  was  noted. 

Of  necessity  the  clinical  investigation  of  frostbite  dealt 
with  the  later  changes.  The  studies  presented  evidence  of 
an  abnormal  vasomotor  lability  of  the  injured  par t.  This 
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lability  indicated  the  sensitivity  of  the  injured  part  to  ;- 

eold  which  persisted  for  at  least  180  days  after  injury.  Be- 

exposure  of  injured  extremities  to  cold  produced  varying 

degrees  of  cyanosis  and  pain.  Another  late  effect  of  cold 

was  manifested  by  an  alteration  in  the  sweat  mechanism  of 
• • . . 
the  injured  extremity.  Sweat  activity  for  the  first  JO  days 

after  Injury  was  depressed  and  from  60  to  120  days  after 

injury  was  hyperactive.  These  findings  supported  the  frequent 

complaint  of  excessive  sweating  by  the  post-frostbite  patient. 

C.  Treatment  and  Disposition 

The  benefit  of  the  routine  management  program  for  frostbite 
as  used  during  1950-51  and  1951-52  is  well  documented.  Strict 
compliance  with  the  program  is  a necessity  which  demands 
discipline  of  the  doctors,  nurses,  corpsocn  and  patients. 

The  program  is  still  hampered  by  the  delay  in  institution 
of  first  aid  measures  immediately  after  injury.  Traumatization 
or  re-exposure  to  cold  of  the  already  injured  part  results  in 
delayed  healing.  To  prevent  delay  in  institution  of  medical 
care  better  indoctrination  of  the  infantrymen,  sixteen  and 
unit  surgeons  in  recognition  and  management  of  frostbite  is 
necessary. 

‘ Measures  should  be  instituted  to  accomplish  rapid  rewarning 
of  cold  Injured  parts  by  exposure  to  lenperatures  of  70*  to 
80*  T.  Rewarming  measures  such  as  massage,  exposure  to  an 
‘ open  fire  or  bv  walking  should  be  discouraged. 

‘ Ko  specific  therapy  was  proven  to  be  if  benefit  in  proootlrg 
rapid  healing  of  the  frostbitten  tissues  or  in  decreasing  the 
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verity  of  the  injury  when  treats*.*  *aa  instituted  on  on 
average  of  i*0  hours  af ter  injury. 

a.  u=t  m u»  -w— * •»  * 

1.  u»  Ji.pc.il'.">  ***•  *“  *** 

D...C.  T I-  W ’■■■  “*  ^ 

„j  „««JcP  M W «"»«■“•  - ■“ 

c,  u.  loj—  P.«  l«  ="«  " "U”l”C  “ 

cadet 

1.  -fcrfimJ  =»=«  of  *«><»«•  * " ■ 

of  1-3  cr  U-3  fop  • purioj  of  3 i*1™  im  tlne  of 

injury. 

2.  Duty  assignment  of  frostbite  casualties  should  he 
governed  bys 

a.  i:o  preferential  duty  assi/.umwr.t  will  be 
necessary  for  locales  wheVe  the  «an  nlr.ircun 

temperatures  are  at-ove  25*  ?- 

b.  The  duty  assignment  sust  assure  rx>  prolonged 
outside  exposure  for  locales  where  the  «an 
nininun  temperatures  are  below  25*  T. 

e.  i:o  personnel  reprofiled  because  of  frostbite 
rhould  be  assigned  to  locales  where  the 

aean  rJr.iiun  temperature  is  belcr<  0*  F. 
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APPENDIX  X 


CODE  SHEETS  AND  QUESTIOWAIRES 
USED  FOR  THE  STODT  OF  FROSTBITE 
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■ APPENDIX  I 

COCECilEET  FOlt  COLD  1TJURI 


1-4.  UB353; 


5.  DIVISIONS: 

6.  So  data 

1.  1st  Cav.  Dlv. 

2.  1st  ferine  Dlv. 

3.  2nd  Inf.  Div.  - 

4.  3rd  Inf.  Div. 

5.  “th  Inf.  Div. 

6.  2*th  inf.  Div. 

7.  25th  Inf.  Div. 

a.  Kise.  8th  Arty  Units 
9.  45th  Inf,  Div. 


11.  RHS* 

0.  So  data  . 

1.  Private 

2.  Pfe 

3.  Corporal 

4.  Sergeant 

5.  Cccpany  Grade  Off. 

6.  Field  Craie  Off. 

12-13.  STATE  CF  RESIDENCE: 

00.  No  data  

iutc  la.  I 


40th  Inf.  Div. 


6.  233KSSTS: 

0.  No  data 

1. ) 

2. )  Regiments  of  Divisions 

3. ) 

4.  Uth  ferine  Reg. 

5.  Support  Units  of  Division 

6.  British  Cccrrnvealth 
Division 

7.  French  Inf.  Bn. 

8.  Ethiopian  Exped.  Forces 

9.  Creek  Inf.  Dn. 

7.  BATTALION: 

0.  No  data 

1. ) 

2. )  Battalions  of  Regi^f-t3 

3. ) 

4.  Et.gir.cer  3ns.  (sepj 

5.  Other  separate  Bns. 

8-9.  AGS  (LAST  B1RT1BAT) 

00.  So  data 


10.  RACES 

0.  So  data 

1.  White 

2.  Negro 

3.  Mongolian 


34.  HiV.iDS.-os 

1.  astral 

2.  Suburban  - 

3.  ilty 

15.  DATS  U:  KOREA: 

0.  So  data 

1.  1-30 

2.  31-60 

3.  61-90 

4.  91-120 

5.  121-150 

6.  151-160 

7.  131-210 

8.  211-240 

9.  241  and  over 

16.  DATS  IS  CCEEATs 

0.  Co  data 

1.  0-15 

2.  16-30 

3.  31-A5 

4.  46-60 

5.  6175 

6.  76-90 

7.  91-105 

8.  106-120 
9.  121-135- 
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17.  DATS  IN  COEAT  WITHOUT 

' BEST  PRIOR  TO  COLD  IHJUHYt 

0.  No  data 

1.  0-4 

2.  5-9 

3.  10-14 
4..  15-W 
$.  20-24 

6.  25-29 

7.  30-34 
«.  35-39 
9.  40-44 

18.  PREVIOUS  COLD  HUUHTi 

0.  Bo  data 

1.  Bono 

2.  Frostbit* 

3.  Trenchfoot 

4.  Chilblains 

19.  HZSTORT  OF  PBEV1S0US 
ILL!  ESSES: 

0.  Bo  data 

1.  Frequent  Fevers 

2.  Pnouconia 

3.  Jaundice 

4.  Malaria 

5.  Raynaud's  Syndrome 

6.  Henaturia 

7.  Syphilis 

8.  Bono 

20.  HOI.TH  OF  INJURY: 

0.  Bo  data 

1.  Moveobor 

2.  Decenber 

3.  January 

4.  February 

5.  March 

6.  April 

21-22.  DAT  OF  INJURY: 

00.  Bo  data  

No.  of  days  I I 

23.  HOUR  OP  OCSET  OF  BUMBIESS: 

0.  Uo  daU 

1.  0000  to  0259 

2.  0300  to  0559 

3.  0600  to  0859 

4.  0900  to  1159 

5.  1200  to  1459 

6.  1500  to  1759 

, 7.  1800  to  2059 

8.  2100  to  2359 


f 
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24.  SHOKLC  SPORE  FR0STDIT2*  ' 

0.  Bo  data 

1.  Bone 

2.  1/2  pock  dally 
...  1 pack  dally 

а.  1 1/2  packs  dally 
• 5.  2 packs  dally 

б.  Over  2 packs  dally 

25.  HOW  MANY  HOURS  BEFORE  FROST- 
BITE DID  YOU  HAVE  ANYTHING  TO 
EATt 

■ 0.  Bo  data 

1.  0-6  hours 

2.  7-12  hours 
3*  13-18  hours 

4.  19-24  hours 

5.  25-48  hours 

6.  49-72  hours 

7.  73-96  hours 

8.  5.  120  hours 

9.  121-144  hours 

10.  More  than  6 days 

26.  WHAT  DID  THAT  HEAL  CONSIST  OF: 

0.  Bo  data 

1.  S ration  J; 

2.  3 ration 

3*  Individual  food  packet 

4.  !!ative  food 

5.  loss  than  C Ration  or 
individual  food  packet 

27.  WEIGHT  IB  KOREA  (estimated  by 

Individual) 

0.  Bo  data 

1.  Bo  chance 

2.  1-5  lb.  lose 

3.  6-10  lb.  less 

4.  11  or  no  re  lb.  less 

5.  1-5  lb.  Gal" 

6.  6-10  lb.  £ain 

7.  11  or  aore  lb.  caln 

28.  FOOTGEAR: 

0.  No  data 

1.  Boots,  ser.  ice,  combat,  russet 

2.  Boots,  service,  combat,  2- 
’ uckle 

3*  Leather  boots  with  overshoe 
4.  Shoepae  c 

c 5.  Boots,  combat,  ruboer,  insulated 

6.  Boots,  urtie,  felt 
’ c 7.  Boots,  r.uklak 

8.  Service  shoe 

• 9.  No  footwe.ir 
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!9.  EX.'ilA  rCO-SEM  CATillO  ’JT 
i:  jansiAEs 
c.  Eo  data 

1.  Extra  jocks  ' 

2xtra  socks  -nd  insoles 
"o  extra  socks  and  no  insoles 
Extra  it-soles  but  no  extra  socks 
Kx:  ra  'socks  out  r.o  extra  — -0-<- 


2. 

3. 

U. 

5- 


jo.  avskME  sa»»  or  socks: 

0.  * lata 

2.  Every  lay 

2#  Sv**r/  other  day 
J.  Every  thirl  J^7 

1.  Ever;.-  fourth  da? 

5.  Every  fifth  lay 

6.  Every  sixth  lay 

7.  Ec  charts 

Y . AVSafcfE  iHAIfiS  OF  StSCiliSs 

o.  lata 

2.  Every  day 

2.  Every  ether  day 
j.  Every  third  day 
L Every  fourth  lay 
5.  Every  fifth  day 

o.  Every  sixth  day 
7.  hot  applicabie 

32.  sox;  a:  tike  of  ir«rw- 

1*  Jocks,  wool,  cushion  sole 

2.  Each*.  «ol,  cushion  sole 

3.  Jerks.  wso3,  1 ?r‘ 


-*• 

r. 


y.-,  wcol,  ski,  2 pr. 

Jock--,  wool,  ski,  3 Pr\, 

6.  Jocks , «~1.  ~~ 

• and  racks  wool  r<- 

".  to  socks  j 

i.  .or-'l:  atior.  other  than  J 

:aj7  :t;F0'r-- 


,/i 

0.  : a »ata 


jy.  caamo::  of  feet  it  tike 

OF  lKJUKT:  . 

0.  lx>  data 
2.  Dry 

2.  Wet  with  sweat 

3.  Wet  freer,  nuddy  ground 

. j^t  free,  nelted  snow 

5.  Wet  freer.  wadine  ir*  water 

j-.  KK3ME13  IT  TO*  OF 

0.  So  data 

1.  Kitten,  shell,  tri£Cer 
filler,  cocs»let« 

2.  Kitten  shell  only 

3.  Kit  ter.  insert  oily 

i,.  Clove,  shell,  leather 
eoqpleta 

Clove,  shell  only 

6.  Clove,  insert  only 

7.  Uo  cl0IW,,3 

3.  . CJOITKT  Or  HAEDS  AT  TUS 
Or  1‘UUaTs 

0.  So  data 

1.  Dry 

2.  Wet  free  sweat 

3.  Wet  free  water 

i,.  Wet  frees  other  liquids 

37.  cwsiAL  jo:j)itio::  of  patie;.t: 

0.  '.i>  data 

1.  Healthy 

2.  Ill 

3.  Injured,  directly  respon- 
sible tor  frostbite 

* . injured,  indirectly  re- 
rponuible  for  frostbite 

y.  10  A.10::  or  patiet  Dsazrc 

SXFUIJjE: 

0.  :.o  data 

1.  Oi.  top  of  .-.round 

2.  Ir.  foxhole 
j.  In  vehicle 

j.  Ir.  tent  or  buildinc 
% junker 


- . ’ » 


/nan  one  lay 
ny- 


J.  2-3  days 

...  3-  -*>■= 

5.  s-**  r.y 
•_  . hvf  3 lays 
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39.  activitt  at  na  or  euustj 
0.  Mo  data 
Sleeping 

lying,  knooline  or  eittir* 
Kith  no  aowent 
lying,  kneeling  or  sitting 
with  little  amomt 
lying,  kneeling  or  sitting 
with  considerable  novenent 
Standing  with  no  Dorenent 
Standing  with  little  noveaent 
Standing  with  considerable 
aoveaent 

Walking  with  infrequent  breaks 
Walking  with  frequent  breaks 


3 


1. 

2. 


5. 

6. 

7. 

8. 

9. 


*0.  WE.  7EXP.  BOT«  EXPOSURE: 
x.  Boro  than  37*  F. 

7.  31* -37*  r. 

0.  To-  data 

1.  21* -30*  r. 

2.  17* -23*  f. 

3.  10* -16*  r. 

4.  3*  to  9*  F. 

5.  -4*  to  2*  F. 

6.  -11*  to  -5*  T. 

7.  -Id*  to  -12*  F. 

8.  -25*  to  -19*  F. 

9.  loss  than  -25*  F. 

41.  AVERAGE  TEMP.  DURIKG  EXPOSURE: 
at.  Bore  than  37*  F. 

/.  31*  to  37*  F. 

0.  Eo  data 

1.  24*  to  30*  F. 

2.  17*  to  23*  F. 

3.  ID*  to  16*  F. 

4.  r to  9*  F. 

5.  -4*  to  2*  F. 

6.  -IT  to  -5*  F. 

7.  -18*  to  -12*  F. 

8.  -25*  to  -19*  F. 

9.  less  than  -25*  F. 


42.  AVER.  S WIND  CHILL  nmm*) 
EXPOSURE: 

JU  1625  to  1949 
/.  less  than  700 

0.  !!o  data 

1.  700  to  824  . 

2.  825  to  949 

3.  950  to  1074 

4.  1075  to  1199 

5.  1200  to  1324 

6.  1325  to  1449 

7.  1450' to  1574 

8.  1575  to  1699 

9.  1700  to  1824 

43.  2EATHEH  TTPEj 

0.  Eo  data 

1.  Clear  to  partly  doufjr 

2.  Cloudy  to  orercast 

3.  Blowing  snow,  sand  or  dust 

4.  Foggy 

5.  Orlxale 

6.  Saining 

7.  Thunders  torn  with  rain  or 
hail 

8.  Sleet  or  freezing  rain 

9.  Snow 


0 
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CKXJKD  SURFACE  COHDITIOE: 

0.  Do  data 

1.  Dry  ground 

2.  Wet  ground 

3.  Muddy 

4.  Slushy 

5.  Snow  less  than  2 inches 

6.  Snow  3 to  « inches 

7.  Snow  6 to  8 inches 

8.  Snow  9 to  H inches 

9.  Stow  one  foot  or  more 

45.  5SRRAIE: 

0.  Eo  data 

1.  Flat 

2.  Valley 

3.  Hill 

4.  Mountain 


Ti 


.*•>/ 

Vv 

iv.v.' 


i ■ t-. », 


iV.-.; 

iVV* 

.>•  • i.  % *, 

I-/.-:-.' 

r-*-  : 


k ,%  ,•* 


t.v.'-*: 

;.V.V 


•>£ 
:•?£: 
•v  •> 

* v •.? 

^ sflUa 
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t Y 


V 


46.  Dorunoi:  or  sxrosunz: 

O.  No  data 
0-4  hours 

4.1- 0  hours 

8.1- 12  hours 

12.1- 16  hours 

16.1- 20  hours  • 

20.1- 24-  hours 

2 Jays 

3 days 
Over  3 days 


50. 


1. 

2. 

3. 

4. 

5. 

6. 
7. 
6. 
9. 


47.  ISTiiODS  USED  20 
C.  No  data 

1.  Walking 

2.  Fire 

3.  2ooa  tcr.pcrature 
exposure 

4.  Hot  water  soaks 

5.  * Jess  age 

, 6.  Snow 

7.  Cold  water-  soaks 
R.  Other 


49. 


51. 


48.  73S  SEEN  3Y  OCCTU': 

0.  No  data 

Before  rewarrd.-g 
0-1  days  after  rewr.rcj.rg 

2 days  -after  rcwancirg 

3 days  after  reward  :g 

4 Jays  after  rewardrg 

5 days  after  rewarding 

6 days  after  rewarsing . 
7-14  days  after  revamir-g 
14-21  days  after  revr.rr.irg 


1. 

2. 

3. 


53. 


C. 

9. 


732  KVACNATKO; 

0.  No  data 

3efcre  rewansirg 
0-1  days  after  revarx  ig' 

2 days  after  reward  g 

3 days  after  revving 

4 days  aft-er  row rdr.A 

5 Jays  after  * ewamiig 

6 Jays  after  rewarding  - - 
7-14  -Jays  .-if  ter  reword;  g 
14-21  Jays  after  rewarding 


1. 

2. 

3. 

4. 

5. 

6. 


v. 


■ < ■ . 


cite  of  incust: 

1.  One  hand  only 
One  foot  only 
Both  hands 
Both  feet 

One  hand  and  one  foot 
Both  hands  ani  both  feet 
One  hard,  both  feet 
Ore  foot,  both  bands 
Other 


3. 

4. 

5. 

6. 


/. 

8. 

9. 


DHCi’JS  OF  lhTOKSS 
FEET.  INITIAL: 


:.T. 


0. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 


No  data 

Firs’t 

No cord 

Third 

Fourth 

I.C.C. 

l.C.C.  and  Easiness 


S35-2THT  OF  LSSIffS,  FEET: 

0.  No  data 

1.  Sane  degree  on  each  foot 

2.  Different  degree  ea  each 
foot 


0. 


SITE  OF  FAX.  INJUHI  FESTj 
x.  Ij^orcation  in  Col.  54 
No  data 
First  toe 
Second  toe 
Fifth  toe 

First  ird  second  toes 
First  ard  fifth  toes 
First,  second  and  fifth 
toes 

First,  second  and  third 
toes 

First,  second,  third  and 
fourth  toes 
All  toes 


2. 

3. 

5. 

6. 


8. 


P:vS 


•v:v-i 


l A 


%V*VJ 


C'.'v’s 


69.  1£F?  FOOT,  TU-SCS  L®2-1  "l 

а.  Gne  toe  only,  indicate 
y.  All  toou  only 

0.  lone 

1.  Croat  too 

2.  Second  toe 

3.  Third  too 

4.  fourth  toe 

5.  Fifth  Too 

б.  1st  & 2nd  toes 

7.  Distal  third  < 

8.  Keel 

9.  -Jr.tiru  foot 

TO.  H16HT  HATH,  71202  UBS* 

x.  One  fincor  only,  indicate 

0.  ■'•one 

1.  ■ Thunb 

2.  Second  firfer 

3.  Third  fincor 
Fourth  f infer 

5.  fifth  f infer 
A.  Ail  f infers 

-i.  let;  rjezi,  tissue  iosa 

x.  One  fiif.er  only,  ini- cate 

0.  lone 

1.  Th>  s 

2.  Sec  -id  fiifer 

3.  Third  f infer 

4.  fourth  firmer 

5.  Fifth  fiifor 

6.  All  f infers 

0.  '.-o  data 

1.  heparin 

2.  Priscoiinc 

3.  Jyrpattetic  ciocl! 

•V* 

5.  IIAP 
o.  Tronwxxin 

T.  Kexancthoiiiies 
f.  Ai~:-Tprtisone 

73-74-75.  WKiATIO:;  Of  tiOSPlTAi.IlAtlO':: 

OjO.  :>5  data — . 

to.  of  days  L.  —I 


%.  DICItEITIO::: 

0.  '.'jo  data  • 

1.  General  duty  • 

2.  United  duty 

3.  iireonditioninf  Center  - 
United  duty 

4.  Heconditioning  Center  - 
General  duty 

5.  21 

77.  n:x.  diaebsis,  FEET: 

0.  No  data 

1.  First 

2.  Second 

3.  Third 

4.  Fourth 
5'.  I.C.C. 

6.  lone 

7$.‘  TH.--A1-2J.7  1S3TI7JTED,  EES. 
AfSS  HEMAHHTS: 

0.  to  data 

1. 

2.  12.1-24 

3.  24.1-36 

4.  36.1-48 

5.  48.1-60 

6.  60.1-72 

7.  71.1-84 
p.  84.1-96 

0.  «ore  than  96.1 

79.  aVIOnlS  CF  FREEZING* 

C.  No  data 

1.  Definite  evidence  of 
frccsirf 

2.  Oily  ice  crystals  or.  ski 

3.  Fool  cear  or  harifear 
frosen 

4.  :;o  definite  evidence  of 
freerinc 


20.  CAES  DESIGNATOR* 


/ j*  v .*  .*  V .*  y V • 


BASIC  QUARTERMASTER  QUESTIONNAIRE  FOR  COLO  IIJJUHT  CASUALTIES 

1.  Baas  and  Rank  of  Casualty;  ASH 

Organisation;  Batji 

2.  Type  of  Cold  Injury;  Data  Incurred: 

3.  farts  of  the  body  involved,  (feet)  (hands)  (face)  (rare) 

A.  Kature  of  exposure  when  injury  occurred; 


(Geographical  Location) 

When  feet  are  involved. 

5.  l^pe  of  footgear  worn  at  tine  Injury  occurred,  (combat  boots)  (shoepac) 
Was  it  laced  too  tightly?  (Tea)  (So).  Other  circulation  restrictions? 

(Bo)  (Tes)  What? 

t.  Kind  of  socks  worn.:  (cushion  sole)  (ski).‘  Humber  of  pair  worn? 

7.  last  tine  socks  were  changed  prior  to  injury?  ( hours)  ( days) 

8.  Last  time  footgear  was  removed  prior  to  injury?  ( hours)  ( days) 

9.  timber  of  days  since  feet  were  washed  f days) 

10.  Did  soldier  carry  > change  of  socks  and  insoles?  (Tes)  (Bo).  If  not, 
were  socks  available  to  him  by  issue  or  sock  exchange?  (Tes)  (Ko) 
(Issue)  (Sock  Exchange) 

11.  What  foot  hygiene  or  other  preventive  measures  were  taken? 


When  Hands  or  Face  is  Involved 

12.  '/flat  type  of  handwear  was  worn;  (gloves)  (mittens)  (fione).  Were  wool 
inserts  available,  (Tes)  (!Jo)  and  being  worn?  (Tes)  (Ho) 


I. 


0 


e ' 

if: 


• f'y 


! C 


13.  Type  of  headgear  and  face  protection  worn  or  used:  (Pile  cap)  (field 
cap)  (Hood)  (Muffler)  (Cheek  mask) 

Xn  All  Cases 

lit.  'das  other  clothing  worn  at  the  iiae  of  injury  considered  adequate? 
(Tes)  (Bo)  If  not,  what  was  needed?  


15.  Sectaries: 


tiOTE:  1.  Cross  out  inapplicable  words  and  fill  in  blanks.  

2.  Submit  one  copy  of  each  questionnaire  to  the  Cold  Injury 
Research  Team,  25th  Evacuation  Hospital,  APO  301,  *Ji>  Army, 
through  the  Division  Surgeon  weekly. 


r"  Vv'l 

; $0 

, * e.*  w 9 


. mi 

VJ.-V- 

: or  - A 


; < 


l -Atcr* 
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axmaiK  list  fcr  cold  ikjurt  casualties 

JiAHE:  BAKE:  ' 

OSGAl.lZATIOKi  

DATE  OP  UJJURTs  ‘ . 

HEATHEB  DATA:  

OOTHU3C  WOiUJ  31  T!E  ABOVE  AT  TU-E  OF  IKJUHX 

i 

Undershirt,  cotton,  suncer,  sleeveless,  00 
Undershirt,  cotton,  sumer,  3/4  sleeve,  white 
Undershirt,  wool,  503  cotton,  50.2  wool 

Undershirt,  winter,  K-1950  _ 

Drawers,  cotton,  short,  00  i J 

Drawers,  cotton,  short,  white 

Drawers,  wool,  503  cotton,  50.2  wool 

Orawers,  winter,  11-1950 

Shirt,  flannel,  olive  drab,  stand-up  collar 

Shirt,  field,  wool,  olive  green  106  (shirt-coat) 

•Trousers,  field,  wool  serge,  olive  drab  l!o.  33,  18  oz. 

Trousers,  field,  wool,  olive  green  108  V; 

Trousers,  field,  cotton,  olive  drab 

Trousers,  field,  cotton,  H-1951 

Sweater,  high-neck 

Jacket,  field,  pile,  olive  drab 

Jacket,  field,  K-19A3 

Liner,  Jacket,  field,  M-1951 

Jacket,  shell,  field,  K-1951 

Hood,  jacket,  field 

Socks,  wool,  cushion  sole 

Socks,  wool,  ski 

Socks,  wool,  hoavjr,  00 

Socks,  cotton,  tan  . *1 

Boots,  service,  ccnbat,  composition  sole 

Soots,  coubat,  russet 

Shoepac,  12-inch,  H-19AA 

Boots,  combat,  rubber,  insulated 

Overshoes,  arctic,  H-1%5 

Boots,  wucluk  ■'}  • 

Boots,  arctic,  felt 

Socks,  felt  < 

Jacket,  field,  wool,  00  “ 

Por.cho,  lightweight,  00 

Overcoat,  parka  type,  with  pile  liner 

Parka,  field,  cotton  with  pile  liner 

Jacket  arid  Trousers  H3T  , 

Cap,  field,  cotton  w/visor 

Cap,  field,  pile  . * * 

Others 

KS-XOZt  _____  ■ " 

. , * *• 

a:  .UP.  COiD  It;  JUKI  TEA!! 
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f 3 e - n f o j i)  n a|jni:o:im,n 


RECORDER 


U) 

0) 

(5) 


flBS 

(Last)  IFSstJ  (Kiddle) 

AGE (4) 

location  


(2)  DATS  OF  EXAM 

hacs  m m m 


a.  Best  Area  i 1 b.  ilepo  Dcpo  { 1 e.  E & R Airfield  I I 

(6)  SERIAL  HO.  (?)  RAHK (8)  MOS  

(9)  PLACE  Or  D1RTH (10)  DATE  OF3I.TTH 

(U)  OTHER  PLACES  UVED  IE  FOR  AT  LEAST  0!E  WILTER  SZA50::;  ' 


(12)  TIPS  C?  AREA  UVED  I’.J  FOB  GREATER  PART  OF  UFE: 

a.  City  □ b.  Suburban  l 1 e.  Rural  f~'  '1 

(13)  COLDEST  T33PS2ATOR2  TO  WHICH  EXPOSED: 

a.  Approx.  Terp.  *F.  b.  Approx.  Lc:iGth  of  Tine. 

c.  Si.rirorcor.t:  Indoors  Mostly  □ Outdoors  Mostly  □ 


(XL)  C1VIUAS  OCCUPATION  

(If)  SMOKING:  PIPES  ( 6 1 ( l-3l  ( ->-6  I ?-9  I [ y.O.S  THAN  10  UOrtLS  1 (per  day) 

CIGARS  O CO  ITT  ITT  n:o:^E  TiiAN  6 1 (per  day) 

CIGARETTES  GO  QZ3  0 GO  CD  C EO:E  THAT  3 I (packs  per  day) 

(16)  TOTATCO  CJEalNG:  (Plu,>)  0 f 1-2  1 Q0  [TT  (J€OSI3  (p«r  wek) 

(17)  COFFEE:  (Cups  per  Day)  0 ITT  PT  ITT  Ho-IC  I 1 OVER  0 

(18)  REEF.  INTAKE  PER  WEEK, (Bottles)  01'  1-2  1 I 3-T  ITT  ITT!  OVER  3 1 

(19)  Ui'LA?  EXPERIENCE:  fTTl  10 


f / 


(20)  COLD  WJUHTs  (frostbit*,  Chilblains,  Trenchfoot,  etc.)  (Tea  I tifal 


a*  Anatcadcal  Si  l* 
b.  Whan  Occurred 


e.  Whara  Oecurrad 


4*  Activity  at  Tiue  of  Injury  _____ 
(21)  COLD  WEATHER  TRAINING:  flail  twol 


a.  Whan  ___________ 

e.  TJrpa  of  Lecture 
Training! 

fllM 


b.  Whara 


I I d.  Amount  of 

. Instruction:  I I 

EZ3 


Demonstration  t=I 

Cold  Weather  Qperatlod  1 
Other  I ,1 

(22)  HIGHEST  SCHOOL  GRADE  C0KPI  ..T2):  1112  1 3 1 1 


(23)  MTZLUGZHCE  RATDJC_ 
(21,)  D1SCIPLIMART  RECORD: 


(AGCT  - Area  111  score) 

NO.  OFFENSE  SENTENCE 


Company  Punishment  □ 
Sumary  Court-Mart  ial  □ 
Special  Court-Martial  □ 
General  Court -Marti cl  □ 


(25)  DISEASES: 

Malaria 


Tallow  Jaundice 
Pneuaonla 

Unexplained  Fever  (Infectious  Mononucleosis,  etc.) 
Tuberculosis 

Syphilis  ' > 

Heaaturia  (Red  or  Dark  Urine) 

Raynaud's  Disease 


U*S  Ja*t  jA.  il 


(26)  FEET  SWEAT  < LITTLE  I I AVERAGE  t [ MUCH  ) 

(27)  DO  TOO  CONSIDER  YOURSELF  RIGHT  OR  LEFT  HANDED?  [Tj  [3 

(28)  WHICH  HARD  DO  TOO  USE  TO  POLL  THE  TRIGGER?  [F)  [TJ 


(29)  HISTORT  OF  ACCIDENTS  (An/  accident  requiring  aedieal  attention 

such  as  serious  sprains,  broken  bows,  etc.) 


(30)  HOBBIES  (Particularly  outdoor  activities  such  as  caapiiy,  hunting, 
fishing,  etc.) 


OBSERVATIONS  ON  ALL  PATIENTS 

(1)  COLD  AGGLUTININ  SAMPLE  (30  cc.)  73TC  TATEKjj 


TITER: 


ANALYST: 


(2)  PERSONAL  HYGIENE  (Based  on  Cleanliness  and  Neatness,  particularly  feet) 

EXCELLENT  I 1 GOOD  I i POOR  I I 

(3)  BOOTUPS  ECTCMDHPg  I I ECTO-MESO  WORTH  1 1 

MESOMORPH  O KESO-HIDO  MORPH  □ ENDO-MORPH  □ 

(4)  HEIGHT:  (5)  WEIGHT:  

(6)  PULSE  BATE  AT  REST:  

(7)  ORAL  TE2  ITERATORS:  • 

(8)  SWEAT:  

GROSS  EXAM  LIGHT  □ MODERATE  n HEAVY  □ 

SKIN  RESISTANCE:  (Taken  on  Instep)  I ~ ) 


STARCH-IODINE  TEST: 


RATING 


(9)  LJOOO  FLCW:  (Return  of  skin  color  after  10  see.  pressure  on  end  of 
great  toe) 


SECONDS 


REHARXS: 
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* v-v* - ..  - o;  “v  r - 

• - * i;  - - >V 


! :t. 

V:v 

? -'.Si 


KUHBER: 


HACEj  VII 


IKSTHDCTIOiiS:  Encircle  appropriate  numerals  under  each  heading,  or 
write  in  pertinent  consents  in  spaces  provided. 


• •*»  * 

i s-‘ 

IS 

i f 

i K 


0.  Ho  data. 

1.  - Well  integrated  and  adjusted. 

2.  Keurotic  personality  (not  incapacitated  by  synptows). 

3.  Suggestive  neurosis. 

4.  Overt  neurosis.  (Specify  category) 

5.  Pathological  personality. 

6.  Latent  or  overt  psychosis. 

7.  Post-traumatic  syndrome,  organic  basis. 

8.  Behavior  disorder.  . * 


0.  Definitely  superior.  • . 

1.  Average  or  above.  £ 

2.  Below  average,  not  deficient. 

3.  Definitely  deficient  (noron  or  below). 

ECUCATIOilAL  LEVEL; 


0.  Ko  data. 

1.  Grades  1-4. 

2.  Grades  5-6. 

3.  Grades  7-8. 

4.  Grades  9-11. 

5.  High  school  graduate. 

6.  Beyond  high  school. 

KIST03T  OF  ACCIDENTAL  It! JURIES: 

0.  Ko  data. 

1.  Hone. 

2.  1 to  3. 

3.  4 to  5. 

4.  6 to  7. 

5.  8 to  9. 

6.  10  or  sore. 


) :f- 

■ h 


wV  .*•  ,*  ,*  ,•  ,«  * 


5.  EVIDENCE  OP  PREDISPOSITION  TO  IHJURT: 

0.  No  data. 

1.  Very  little 

2.  Some  Indications. 

3.  Strong  trends. 

4*  Clear-cut  evidence# 

6.  aa.p-im.icTED  corn  lMjSgs 

0.  Ko  data. 

1.  Absolutely  no  indication. 

2.  Suggestive  elenents  present. 

3.  Suspect  possibility. 

4.  Definite  indications. 

5.  Admission  of  intent. 

7.  REACTION  TO  STRESS; 

0.  No  -uta. 

1.  Very  low  threshold  tolerance. 

2.  Low  tolerance ; avoidance  of  stress. 

3.  Moderate  degree  of  tolerance. 

4.  Strong  degree  of  tolerance. 

5.  Very  strong  degree  of  tolerance. 

8.  psaar-ALm  cohpo::ei;ts:  - 

0.  No  data. 

1.  Markedly  dependent. 

2.  Readily  accepts  authority  figures. 

3.  Passively  agressive  toward  authority  figures. 

4.  Normal  range  of  dependency  feelings. 

5.  Strong  parental  ties. 

6.  Strong  hostil'ty  feelings  toward  others. 

7.  Strorg  hostility  reelings  toward  self. 

8.  Normal  range  of  hostility  feelings. 

9.  Long-range  pattern,  of  somatic  preoccupation. 

10.  Essentially  normal  personality  pattern. 

9.  SENTENCE  COMPLETION  TEST  FINDINGS: 

0.  Ko  data. 

1.  Dependency:  — — 

2.  Pears: 

3.  Dominant  drives:  — 


« ‘ \ < ■ a * e ♦ S.*  * » ' v" 
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4.  Gnus  of  own  aggressions 

5.  laactions  to  failures  ___ 

6.  laactions  to  authority!  _ 


»»  > V *,■ 

■i  t ^ 

w t 

C _ 


10.  HW  MPMGSs 

jjggPCgOHg;  Mark  ratings  exceeding  T score  of  54*  Place 

appropriate  mineral  (using  1 for  highest  rating) 
after  proper  category.  ' Then,  underline  any  cate- 
gories below  T score  of  46. 


* 1 y.'-'\ 


1.  las 

2. '  Ds  . 

3.  *s 

4.  Ms 

5.  Ms 

6.  Pks 

7.  Its 
2.  Ses 
9.  'las 


11-  TAT  FACTORS  (HARK  1 STS0??aSt  TKEKDS): 


n f 


0.  So  data. 

1.  Depression. 

2.  Dependency. 

3.  Depressed  aggression. 

4.  Aggression  toward  authority  figures. 


12.  REHA3S; 


V.  V.V. 


yy-v-v'v' 
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FSubtaak  under  Environmental  Physiology,  AMRL  Project  No.  6-64-12- 
028,  Subtask  (8K),  Cold  Injury  Studies. 
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Seeeption  of  Program 

Potential  Applications  of  Weather  Date 
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B.  Daily  ■Ftont-vide'*  Correlations 

C.  Comparisons  of  Regiments 

D.  Areal  Distribution  of  Temperature 

E.  Comparison  of  1950-51  Winter  to  1951-52  Winter 
P.  Womalcjr  of  1951-52  Korean  Winter 

Sucsary  ard  Conclusions 
Bibliography 

Appendix.  I - Meteorological  Program  for  Cold  Injury  Study, 

Korea,  1951-52  > * . • 

A.  Meteorological  Program  * 

B.  Beglnental  Instructions 

C.  Battalion  Instructions  • 

D.  Components  of  Regimental -Weather  Kit 

E.  Components  of  Battalion  Weather  Kit 

• P.  Eighth  Army  Command  letter.  Subjects  Weather  Observations 
for  the  Colt  Injury  Study 

G;  Eighth  Army  Letter,  Subject;  Applications  of  Weather  Data 
to  Local  Operational  Problems 

H.  Cold  Injury  Team  Letter  to  Regimental  Weather  Officers 
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KOREA,  1951-52  - 

I,  INTRODUCTION 

Weather  observations  and  awareness  of  tbs  meteorological  com- 
ponents are  necessary  for  such  decisions  as  the  wearing  of  suitable 
types  of  protective  clothing,  length  of  combat  missions,  duration  of 
inactivity,  requirements  of  shelter  and  diet  and  the  possible  selection 
of  cold-resistant  individuals.  Awareness  of  weather  nay  contribute 
materially  to  the  prevention  of  cold  injury.  Furthermore,  to  sake 
assessments  of  the  causative  factors  in  frostbite  such  as  inadequacy 
of  clothing  and  equipment,  acti'flty  of  the  individual  soldier  and  his 
resistance  to  cold,  it  is  necessary  to  know  the  exact  climatological 
conditions  that  existed  during  the  period  when  cold  injuries  were 
prevalent.  Possessing  a complete  documentation  of  meteorological 
conditions  ir.  a cold -weather  combat  zone  such  as  ambient  temperatures, 
windchill  (l),  type  of  weather,  condition  of  ground  surface,  husidity 
and  type  of  terrain  one  may  determine  the  physical  limitation  within 
the  sphere  of  activity.  Those  data  night  also  be  applied  for  future 
predictions  of  incidence  of  cold  weather  casualties  in  conbat  areas 
wi  -re  the  exact  climatic  conditions  are  known. 

•Jirdchin  (Figure  l)  is  defined  as  the  amount  of  heat  that  would 
bo  lost  in  on  hour  from  a square  meter  of  bare  skin  surface  which  has 
a normal  temperature  of  91.4*  F.  As  a practical  application  it  may  be 
noted  that  the  sensation  "Bitterly  Cold"  Indicated  for  -3*  F.  vi'h  a 
5 nph  wird  speed  is  also  felt  at  25*  F.  with  a 25  mph  wind  speed.  The 
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designated  units  of  the  windehill  chart  (Kg.  cal/l^hr. ) do  not  indicate 
quantitatively  tie  heat  witltJrawn  free  a clothed  nar.  (2).  However  a 
more  recent  report  (3)  has  shown  that  tho  windehill  values  given  in 
Figure  1 are  15  tines  greater  than  actually  are  lost  fren  a nan  dress- 
ed in  arctic  clothing  facing  into  the  wind. 

li.  procedure 

Because  of  the  vast  clinatic  differences  that  occur  over  short 
distances  in  terrain  as  rugged  as  of  Korea  it  was  decided  that  the 
collection  of  a complete  series  of  enviromental  data  was  required  St  " 
each  reginental  cocnand  post  (generally  within  a few  ailes  of  actual 
c inbat)  with  supplenental  data  of  tenperature  and  surface  conditions 
froa  each  of  the  3 battalion  cocnand  posts  (usually  within  1 mile  of 
the  Main  Line  of  Resistance)  in  the  reginent.  Daring  the  winter  of 
1951-52  weather  stations  were  established  in  22  regiments  and  66  bat- 
talions. Due  to  frequent  covenant  of  these  units  and  rotation  of  their 

weather  personnel  only  £0.i  of  tho  weather  stations  suboitted  weather 

« 

data  on  any  one  day.*--  ' { 

\ . ! 

The  program,  officially  initiated  14  ilovenber  1951  by  a comand 

letter  issued  free  Eighth  Amy  Headquarters  (Appendix  I),  was  concerned 

prirarily  with  the  meteorological  factors  deteraining  the  rate  of  body 

cooling  (Appendix  I).  These  factors  included  temperature,  wind,  humidity, 

weather  arxl  condition  of  the  earth’s  surface.  All  these  eliaatological 

conditions  were  recorded  every  three  hours  by  each  United  States  reginent 

(Appendix  I).  Supplemental  data  were  collected  every  6 l.o urs  froa  each.- 

infantry  battalion  (Appendix  I).  The  total  tine  required  to  obtain  and 

record  xr  ather  data  was  "40  nan-ninutes"  per  day  at  the  reginental  level 


ar.i  "3  nan-minutes"  at  the  battalion  level. 
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Each  regiment  ajid  battalion  was  provided  with  a weather  kit  by 
the  Cold  Injury  lean  (Appendix  *J.  The  kits  included  all  the  necessary 
instruments,  written  instructions  and  foms  needed  for  a regiment  and 
its  3 battalions.  Personal  instructions  were  given  to  the  appointed 
weather  personnel  by  the  teaa  Meteorologist,  who  toured  the  fror.t,  late 
in  the  fall,  or  when  new  units  arrived  in  Korea  duriry;  the  winter.  Re- 
training was  required  occasionally  due  to  the  rotation  of  key  personnel. 
111.  ".KCKPTlOt:  OF  PROGRAM 

Even  before  the  weather  observations  were  lnitiatei  it  was 

♦ 

realised  that  the  data  gathered  could  be  utilised  by  the  regimental 
staffs  in  older  to  increase  operational  efficiency  anrip  revent  cold 
injury.  The  application  of  weather  data  to  military  problems  was  dis- 
cussed with  members  of  the  regimental  staffs  and  the  acr.  who  had  been 
selected  to  sake  the  weather  qbservations.  These  applications  of 
weather  data  were  formalized  in  an  official  Eighth  Arsy  letter  en- 
titled "Application  of  Weather  Data  to  local  Operational  Problems" 
(Appendix  I)..  Also  included  with  the  letter  was  a wiidchill  graph 
and  psychroaetric  tables  which  were  used  to  determine  the  coclii.g  effect 
of  the  ambient  temperature  and  wind  speed  aid  the  ensuing  expected 
morning  temperature.  In  addition,  xi  Air  Weather  Service  report,  "Kor- 
ean Weather  Thro’ighout  the  Year",  was  furnished  each  regiment  in  order 
to  assist  in  local  operational  planning. 

A continuous  c.'.changi  of  letters  aid  notes  between  the  fror.t-line 
weather  stations  and  tho  K<-;ean  Cold  Injury  Center  kept  the  program 
active.  These  interchanges  of  ideas  laid  t.ho  groundwork  for  an  im- 
proved Weather  Service  for  the  Army.  A letter  from  the  meteorologist 
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of  the  Cold  Injury  lean  maintained:  "The  state  of  the  weather  is  as 
vital  to  the  nan  in  the  bunker  or  tank  as  it  is  to  the  crew  of  an  air- 
craft. to  the  science  of  weatfier  is  further  developed  it  is  possible 
to  foresee  special  forecasts  for  operations  as  snail  as  squad  patrols 
before  which  the  men  will  be  briefed  on  the  weather  and  ground  con- 
ditions expected  and  the  clothing  and  equipment  required"  (Appendix  I). 
Che  Ueginer.tal  Weather  Officer,  the  S-2  of  the  IVth  Infantry  Regiment 

replied:  we  have  all  units  of  the  regiment  weather  conscious. 

He  received  numerous  calls,  sometimes  numbering  20-25  daily  requesting 
up-to-date  weather  information.  Wc  have  publicized  our  station  in  the 
regimental  newspaper,  consequently-  we  receive  calls  not  only  from  our 
own  regiment,  but  from  attached  units,  adjacent  units  ord  at  times 
units  on  division  level.  Fourthly,  our  battalions  have  set  up  indivi- 
dual stations  and  are  maintaining  elaborate  weavher  charts  showing 
weather  and  temperature  since  1 December  1951.  Wc  have  used  the  weather 
information  gained  for  many  purposes.  Xainly  we  have  used  the  infor- 
mation for  j.'j'nnir.g  purposes  - patrols,  raids,  ambushes,  etc.  I would 
like  to  recoctwnd  that,  in  the  event  a weather  study  is  conducted  in 
1952-51,  therwanoters  be  furnished  in  sufficient  quantity  to  allow 
company  weather  men  to  be  appointed  Vs  maintain  hourly  weather  changes 
in  each  company  locality.  I believe  the  additional  cost  would  be  over- 
shadowed by  the  additional  information  gained  ar>J  the  additional  interest 
displayed"  (Appendix . l).  This  same  regiment  at  a later  date  subnittod 
a qualitative  operational  report  on  tho  effect  of  minimum  temperatures 
it  had  experienced  during  the  winter  months  of  1951-52  (Appendix  X). 

This  report  referred  specifically  to  the  use  of  fuel  for  hoating  tents, 
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and  the  operation  of  notor  ye  hides  and  flame  throwers.  v 

Official  forecasts  for  ground  operations  were  node  daily  from 
on  Air  Force  '.feather  Center.  For  any  locality  with  rugged  terrain 
it  is  difficult  to  forecast  weather  when  the  exact  conditions  of  the 
preceding  21*  hours  are  not  known.  Air  Weather  Service  forecasters 
assisted  toy  the  teas  meteorologist  arranged  for  a d-ily  transmission 
of  weather  observations  froa  the  front-line  stations.  This  procedure 
resulted  in  an  increased  accuracy  of  forecasts,  especially  that  of 
expected  nlnicua  temperatures. 

in  January  1952  a group  of  A ray  environmental  specialists 
nade  an  inspection  in  the  Korean  combat  zone.  This  group  recognized 
the  accomplishments  of  the  new  Any  Weather  Service.  These  special- 
ists agree-*  that  definitive  steps  should  be  taken  to  keep  the  program 
active  after  departure  of  the  Army  Medical  Kesoarch  Laboratory  Cold 
Injury  research  Team.  The  Preventive  Medicine  Section  of  the  Office 
of  the  Eighth  Army  Surgeon  requested  weather  data  for  the  warmer 
months  to  be  used  in  studies  relating  to  hemorrhagic  fevor  and  insect- 
borne  diseases.  The  Quartermaster  Corps  staff  also  desired  weather 
data  in  relation  to  the  study  of  body  araor.  As  a result  of  those 
requests  for  weather  data  beyond  the  winter  months  Eighth  Any 
General  Staff  decided  to  continue  the  program  with  an  interim  assign- 
ment of  supervision  to  the  Assistant  Chief  of  Staff,  G-2,  and  re- 
sponsibility for  operational  control  by  the  Sightli  Arm;’  Signal  Officer 
(Appendix  i)»  A meteorologist  froa  the  Signal  Corps  was  placed  in 
charge  of  the  operation  on  15  March  1952  assuming  responsibility  from 
the  Cold  Injury  Team.  Pending  core  detailed  clmngos  it  was  decided 
to  continue  the  weather  ^ograa  as  previously  outlined  in  tills  report. 
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All  combat  units  and  technical  services  were  Invited  to  contribute 
their  ideas  and  requirements  in  such  a weather  program.  The  re- 
sponses submitted  included  the  followings  1)  The  Engineer  staffs 
had  an  interest  in  sudden  rises  in  fiver  stages;  2)  The  Chemical 
Corps  staffs  desired  information  about  local  vallejr  winds;  3)  The 
infantry  regimental  staffs  were  interested  in  weather  changes  which 
could  effect  combat  operations,  local  traffic  aid  unit  clothing 
requirements;  4}  The  2e  search  and  Development  sections  of  the 
various  technical  services  and.  their  field  teams  desired  data 
regarding  field  conditions  under  which  equipment  failures  occurred; 
5)  Pilots  of  snail  Arngr  planes  desired  mors  detailed  weather  in- 
formation relative  to  front-line  locations. 

The  Air  Weather  Service  staff  proposed  the  assignment  of 
professional  meteorologists  to  Army,  Corps,  and  possibly  lower  levels 
in  order  to  evaluate  weather  conditions  in  relation  to  ground  oper- 
ations and  optimal  usage  of  military  equipment. 

One  of  the  most  gratifying  results  of  the  1951-52  cold  injury 
research  project  was  the  continuation  and  expansion  of  the  weather 
program  into  a semi -permanent  service  for  the  Eighth  Army.  Thus 
environaental  data  were  utilized  by  the  intelligence,  operational 
and  technical  personnel  in  addition  to  their  original  usage  by 
medical  research  personnel. 

IV.  POTS.TIAL  APPLICATION'S  OF  WEATHER  DATA 

Applications  to  be  discussed  in  the  following  section  are 
primarily  concerned  with  cold  injury  research.  (Other  applications 
were  indicated  in  the  previous  section.)  Weather  data  were  used  by 

the  Cold  Injury  Team  to: 
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1)  Determine  the  mathematical  relationship  between  Incidence 

of  frostbite  and  weather.  (Given  climatic  "normals"  for  future 
winter  canpaigns  one  may  be  able  to  plan  the  necessary  medical 
logistic  support.)  "v;  •. 

2)  Determine  the  limitations  of  cold  weather  clothing  (item 
and  tolerance  tine)  for  various  cold  environments. 

3)  Attempt  to  elicit  differences  in  effectiveness  of  cold 

weather  training  and  unit  discipline  by  comparing  incidences  of 
cold  injury  between  similarly  engaged  units  using  climatic  data 
as  a controlling  factor.  . ■ . < « 

4)  evaluate  the  influence  of  combat  activity  on  incidence 
of  frostbite  using  climatic  data  as  a controlling  factor. 

$)  Ascertain  reasons  for  the  differences. in- incidence  of 

'"A 

frostbite. between  United  States  troops  and  troops  of  other  nations, 
again  using  climatic  data  as  a controlling  factor.' 

6)  evaluate  tho  influence  of  climatic  conditions  on  the  in- 
cidence of  frostbite  for  the  winters  of  1950-51  and  1951-52  in 
Korea  and  for  future  normal  winters  in  tlie  sane  locale. 

These  applications  were  implemented  by:  1)  Case  history  131 
code  sheet  entries;  2)  correlations  of  daily  cold  injuries  with 
"frent-vide"  environmental  conditions;  3)  correlations  of  average 
monthly  environmental  conditions  for  each  regiment  with  the  monthly 
regimental  cold  injury  incidence;  4)  preparation  of  monthly  maps 
snowing  the  areal  distribution  of  temperature  along  ami  south  of  the 
Inin  Line  of  rtaistar.ee  for  comparisons  with  other  United  nations 
troops;  5)  a comparison  of  the  1951-52  winter  temperatures  to  those 
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encountered  in  the  winter  of  1950-51;  and  6)  an  area  comparison  of 
the  1951-52  winter  temperatures  to  the  expected  nomal.  The  results 
of  these  applications  may  be  found  ip  the  Epidemiology  Section  of 
the  combined  Cold  Injury  Teas  report. 

A.  Case  History  13!  Code  Sheets 

In  order  to  evaluate  exposure  time  of  the  soldier  to  ex- 
treme environmental  conditions  with  respect  to  his.  degree 
of  injury,  type  of  clothing  and  extent  of  physical  activ- 
ity. a code  sheet  was  prepared  for  each  individual  frost- 
bite patient  and  selected  cor.ti— 1 subjects  (Fig are  2). 
Entries  on  the  code  sheet  were  made  directly  frtei  the 
respective  regimental  and  battalion  weather  reports.  For 
25.!  of  cold  injuries  occurring  in  separate  or  support 
units,  data  fron  the  nearest  regimental  or  battalion  weather 
stations  or  Air  Force  Two-Man  weather  Observing  Tfctms 
(located  near  corps  headquarters)  were  utilized.  This 
was  necessary  since  the  weather  program  was  not  completely 
organized  prior  to  the  first  occurrence  of  cold  injury  on 
23  November  1951* 

The  minimum  temperature  during  exposure  was  an  average 
of  that  reported  by  the  regimental  ani  battalion  weather 
stations.  Average  temperature  was  the  mean  of  all  tempera- 
tures reported  during  the  period  of  tine  that  the  injury 
was  incurred.  For  short  periods  of  exposure,  0 to  4 hours, 
the  average  was  generally  the  sane  as  the  n’rirm.  (Wind- 
chill  was  determined  fron  tables  using  the  average  wind 
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FIC  2 IBM  CODE  SHEET  COLUMNS  INDICATING  OR  PERTINENT 
TO  ENVIRONMENTAL  CONDITIONS. 
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speed  and  temperature  for  the  exposure  period.)  In- 
formation relative  to  coltatns  8,  9,  ID,  11,  12  and  13 
use  obtained  directly  from  the  reginental  and  battalion 
meteorological  observations  (Appendix  l).  The  type  of 
weather  and  ground  surface  conditions  as  coded  in  figure  2 
utilized  only  the  most  severe  conditions  encountered  at 
tins  of  injuiy. 

Daily  "Front-Wide"  Correlations 
The  rate  (per  thousand  act,  in  ecobat)  of  cold  injury 
along  the  Korean  front  varied  significantly  frees  day  to 
day  throughout  the  winter.  It  was  influenced  by  the  ex- 
tent and  type  of  activity;  the  equipment  available  (es- 
pecially bootgear),  the  training  and  experience  of  the 
troops,  etc.  Probably  the  greatest  single  influencing 
factor  was  the  weather.  This  was  noticeable  even  before 
analysis  of  the  records.  A sudden  increase  in  daily 
hospital  admissions  was  an  excellent  "hind cast"  of  cold 
weather  in  the  cccbat  zone.  Greater  occurrence  of  frost- 
bite also  could  bo  expected  on  the  first  day  of  a cold 
wave  because  of  inadequate  preparation  for  sudden  drops 
in  temperature. 

Figt-j  3 shows  the  daily  variations,  throughout  the 
winter,  .1  the  average  tempt . .tore - colds sc  temperature 
and  average  windchiil  of  the  entire  front.  Daily  vari- 
ations for  the  period  of  15  ;iovenber  through  15  December 
1951  were  less  accurate  because  of  a paucity  of  weather 
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stations  in  operation.  Ko re  data  involving  the  entire 
front  were*'  available  after  this  tine.  Fortunately  cost 
of  the  earlier  operating  stations  were  located  about  the 
center  of  the  front  and  provided  information  which  coold 
be  considered  representative  of  the  average  conditions 
across  the  Korean  front.  The  tabulation  of  these  data, 
showing  tho  mm.be r of  observations  available,  is  given 
in  Appendix  IT.- 

At  no  tine  during  tho  winter  did  the  recorded  front- 
line tenperatures  reach  -20*  ?.  (Figure  3).  On  29  December 
1951  and  5 February  1952  tecperaturcs  of  -17*  ana  -IS*  F. 
were  observed  at  the  battalion  level.  Moreover,  these 
tenperatures  were  closely  corroborated  by  nearby  regi- 
mental stations.  The  2 days  indicated  above  had  the 
coldest,  "front-wide"  averages  (Fa-tt  9*  F.)  of  any  dur- 
ing the  winter.  The  temperature  range  for  all  regiments 
on  29  Dcecnber  1951  and  5 February  1952  was  T to  17*  F. 
and  Z»*to  12*  F.  respectively,  which  was  enough  to  vary 
the  incidence  of  frostbite  across  the  front.  However, 
it  is  to  be  noted  that  such  temperatures  are  r.a  colder 
than  those  averages  found  in  Horth  Dakota  and  Minnesota 
during  January. 

The  maximum  Dean  wind  chi  11  for  the  winter  (973  Kg. 
cal^;2/iir.)  occurred  on  26  i.ovcmbor  1951.  The  average 
and  aininun  temperatures  on  this  day  were  so  lower  than 
those  during  January  and  February  1952.  This  extreos 
wand  chi  11  was  ;w  comp  an.'  by  the  greatest  daily  incidence  - 
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-of  cold  injury  cf  the  season.  . lievever,  the  iapertane* 
of  factors  such  as  inadequate  footgear,  intensity  of 
cocbat,  duration  of  exposure,  and  degree  of  teobility 
in  this  incidence  of  frostbite  hare  beer,  determined  in 
the  section  or.  Epidecdslog7<  ' 

C.  Comparisons  of  Beginents 

Heather  conditions  at  any  one  tine  varied  considerably 
alone  the  Korean  front.  Ob  29  December,  one  of  the  coldest 
days  of  the  winter,  the  residents  were  exposed  to  temper-. ; 
attires  according  to  the  distribution  in  Table  1.  Vari- 
ations cn  this  day  between  regiments  in  the  incidence  of 
cold  injury  night  be  expected,  providing  all  other  factors 
were  constant.  In  the  Epidemiology  section  there  will 
appear  a correlation  between  recfc^ntal.  temperatures  and 
frostbite  inciderxe  for  a comparable  but  longer  period 


in  February. 


TABLE  1 


DI57R13LTI0:.  0?  E53WESTAI,  TStPEHATUItES 
OU  29  DECafflEH  1951 


Temperature  Eu-ber  of  P.er.irer.t.3 

Haige  Kir.iaun  ^Average 

(«p.) Temperature  Temperature 

xh  to  20  _ _ ~ . ■ 

11  to  15 k — 

& to  10 2 5 

1 to  5 2 

-A  to  o 2 

-9.lo.m5 k 

-U  to  -10 5 . — 

-19  to  -IS  2 i 

•Three  of  the  -1&  regiments  reporting  minimum 
temperature  did  net  have  a aufficier.t  number 
of  reports  to  give  a daily  average  on  this  day 
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Variations  between  regiments  became  less  pronounced  when 
caparisons  were  made  over  longer  periods  of 'time,  factors 
contributing  to  the  equalization  of  temperatures  between 
the  regiments  included  cloudy  weather  (which  prevents  local 
heating  and  cooling  by  radiation),  windir.es a and  inter- 
change of  identical  locations  between  regiments. 

A tabulation  of  monthly  averages  of  environmental  data 
for  the  United  States  Infantry  regiments  is  given  in  Ap- 
pendix HI.  Information  derived  from  this  appendix  wasi  '! 

1.  The  average  December  temperature  of  the  11  regiments 
(27  days  of  weather  data  required)  varied  from  26*  to 
30*  F.  These  temperatures  are  comparable  to  those 
found  during  the  coldest  winter  months  in  Central 
Pennsylvania , Ohio,  Indiana  and  Illinois.  The  t nal 
differences  between  the  regiments  were  about  the  same 
as  the  January  differences  between  Toledo  and  Columbus, 
Ohio.  Hind  chill  averages  for  the  month  of  December 
for  these  same  11  regiments  ranged  from  616  to  700 
Kg.cal/H^/hr.,  a little  cooler  than  the  designation 
■Very  Cool"  on  the  comfort  scale.  Figure  1.  The  wind- 
chill  at  sotM  of  the  warmer  stations  was  nearly  as 
great  as  that  at  the  colder  stations.  This  factor  in 
part  equalized  the  cooling  effect  of  the  weather  in 
different  locales. 

2.  In  January  1952  the  Dean  monthly  temperatures  for  13 

■ rev,lnent3  ranged  from  18.4*  to  23.8*  F.  Such  temper- 


atures are  coraaon  during  Jar.ua.*/  in  Iowa,,  northern 
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Illinois  and  northern  Uev  fork.  The  lowest  taaperatarss 

N *.  - 

reoorded  by  the  above  regiments  ranged  from  2*  to  -HP  T» 

One  regiment  reported  a windohill  of  1018  Kg.eatyWfyhr. 

but  its  weather  station  was  located  on  Hill  £04  about 
' v • 

1000  ft.  above  all  other  stations. 

3.  In  February  1952  the  seen  monthly  temperatures  for  11  - 
regiments  ranged  flxn  21.2*  to  23 . OP  F.  Wlndchill  for 
this  month  ranged  from  a low  of  617  Xg.cal/tf*/hr.  far  . 
the  15th  li  if  entry  Regiment  located  in  Western  Korea  to 
790  for  the  7th  Karine  Regiment  stationed  in  Sestem 
Korea. 

4.  In  March  1952  the  mean  monthly  temperatures  for  16 
regiments  ranged  from  27.3*  to  40-4*  F.  The  average 
wlndchill  for  this  month  among  these  regiments  ranged 
from  499  to  904  Kg.cal/tt^/hr. 

0.  Areal  Distribution  of  Temperature 

Monthly  maps  are  required  in  order  to  estimate  temper- 
atures encountered  by  isolated  regiments  and  other  United 
(Cations  troops  when  weather  data  were  not  available.  Only 
locations  for  which  data. were  available  for  most  of  the 
month  were  utilized  in  the  construction  of  Isotherms  on  these 
maps.  Fortunately  a number  of  the  regiments  occupied  the 
same  locations  one  or  more  months  affording  continuous  data. 
Cther  regiments  in  exchanging  cocnand  post  locations  initi- 
ated the  gathering  of  data  immediately  thus  permitting  the 
combination  of  data.  Also  available  were  the  data  frut  five 
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figure  4 shows  the  geographic  locations  for  which  regi- 
' mental  weather  data  ware  available  for  on)  or  nore  months. 

1 

The  coordinates  and  elevations  of  these  locations  end  the 
weather  information  are  included  .in  Appendix  IT.  Figures  5, 
6,  7 and  6 shew  the  distribution  of  these  data  along  the 
front.  ' -/ 

Figure  5,  showing  the  geographic  distribution  of  temper- 
attire  for  December  1951,  indicates  that  the  coldest  weather 
was  encountered  in  the  eastern  sector  of  Korea.  However, 
the  difference  between  the  eastern  and  central  sectors  of 
the  front  line  was  net  great.  Troops,  in  the  western  sector, 
where  the  front  extended  southward,  experienced  warmer 
weather.  The  sharp  tongue  of  cold  air  in  the  eastern  sector 
nay  be  attributed  to  the  generally  higher  elevation  of  the 
terrain.  This  was  not  true  for  isolated  high  points  which 
usually  did  not  record  the  lowest  temperatures  due  to  temper- 
ature inversions.  For  example,  Station  11,  on  top  of  Hill  604 
(neters),  recorded  a -2*  F.  for  the  lowest  January  temper- 
ature as  compared  to  -10*  F.  reported  by  nearby  s it  ions 
which  were  In  valleys  400  meters  below. 

The  modifying  effect  of  the  fellow  Sea,  as  it  cooled  t - . e 
the  winter,  caused  the  axis  of  cold  temperature  to  move 
gradually  westward  across  tl«  peninsula. 

2.  Comparison  of  the  Winters  1950-51  and  1951-52 

The  total  number  of  cold  iniury  casualties  that  occurred  in 

the  winter  of  1951-52  was  far  less  than  that  of  1950-51. 
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Factors  responsible  for  the  production  of  frostbite  during 
the  two  winters  included  the  intensity  and  type  of  combat, 
number  of  troops  engaged  in  combat,  type  of  bootgear  and  cold 
weather  clothing  used,  and  differences  in  ambient  temperatures 
to  which  the  troops  wc»-e  exposed.  Temperature  differences  de- 
pended upon  the  location  of  the  combat  troops  in  Korea  and 
the  severity  of  the  two  winters.  The  picture  is  complicated 
because  of  factors,  other  than  w«.  -ther,  mentioned  above.  In 
comparing  the  temperatures  encountered  by  troops  during  the 
two  winters  it  wa3  possible  in  the  Epidemiology  section  to 
speculate  as  to  the  importance  of  the  weather  factor. 

Climatic  data  at  combat  level  were  not  available  for  the 
1950-51  winter.  Tempsratures  encountered  could  be  estimated 
best  by  use  of  monthly  torpsrature  anomalies  available  for 
the  few  Air  Fores  stations  in  Southern  Korea.  These  may  be 
algebraically  added  to  tho  normals.  This  appears  to  be  a 
reasonable  procedure  bocauso  the  Korean  peninsula  is  small 
in  relation  to  the  Siberian  high  pressure  coll,  the  dominant 
winter  weather  factor. 

During  December  1950  most  of  the  cold  injuries  wera  in- 
curred by  United  States  troops  while  on  a retrograde  move- 
ment from  the  Talu  River  and  the  Chosin  Reservoir  area  in 
Northern  Korea.  Normal  average  December  temp- natures  in 
these  .ureas  vary  from  5*  to  20*  F.  A narrow  strip  along 
the  northeast  coast  averages  30*  F.  Other  troops  wore  en- 
gaged in  combat  at  the  Anju  latitude  in  Western  nrd  Control 
Korea  where  the  t.— poratures  average  15*  to  20*  F.  Te.cpor- 
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atuivs  were  about.  2*  F.  colder  than  nomal  in  Southern 
Lorca  for  this  nor.t!.  ('Table  2). 
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2 y January  1951  the  United  States  troops  had  reorrar.isei 
rear  the  37*  fc.  Latitude.  A v-: race  monthly  temperatures  in 
this  area  arc  r.cmally  20*  to  25*  F.  Temperatures  at  Tse^u 
ar/i  Pusan  for  this  r.cr.th  were  considered  normal  (Table  3). 

TAHE  3 
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AS  i’j-:cc:c;i  DY  AIR  WRATH-sR  SSRVISK  STATION'S  r;  KOREA 
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j;  February  1951  the  United  Stater,  t r.  . ; , had  ..  •o,i  : r 
tv  r.  out  37*  15*  latit-rl*’.  N.-rrsil  ■ e j-.-rv  urvu 
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in  this  combat  zone  average  25*  to  30*  P«,  with'  slightly 
higher  re  ad  tigs  or,  the  east  coast.  February  of  1951*  as 
ii-dicated  in  Table  U was  about  i»  degrees  (P.)  warmer  than 


normal. 


TABLE  U 


AVERAGE.  TEMPERATURE  (*  F.)  FOR  FEBRUARY  1951  ATD  1952 
AS  RECORDED  BY  A lit  WEATHER  SERVICE  STATIUS  Hi  KOREA 


* li  « .'formal 

E^r  March  1951  the  United  States  troop3  had  moved  to 
positions  north  of  Seoul  and  Kangnung.  The  numerous  cities 
in  this  area  have  long  term  averages  of  36*  F.  for  the  month 
of  March.  The  temperatures  for  Taegu  were  5 degrees  (F.) 
ubova  normal  while  at  Pusan  they  were  normal  (Table  5)» 

TABLE  5 

AVERAGE  TH7ERA TUH3  (*  F.)  FOR  MARCH  1951  and  1952 
AS  RECCSiSD  BY  AIR  irSATnEil  SERVICE  Si'AiIOI.S  Li  KOREA 


Chur.chor. 


AVER -.OK .VO.  .UMiUM  AVG.  KAXPOM 

*s2.  ? 51 1 :rrp"«2  I »51 1 52 T»5f T~;:» 

~hO~  ' iS~T~R9  --  Zj~_  50  — 50 

Jv’dk/J-aV’. CO JjO 3.3..  --  J2 it'L  al2_ 

Eeoul jS  --  id  30  --  29  •//_  — K7 

Sirrfsr.  --  j 3 31 ?J -JL  _ aa. 
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As  indicated  previously,  temperatures  at  combat  level 
for  the  winter  of  1951-52  were  obtained  from  weather  re- 
porting units  organised  by  the  Kray  Medical  Research  Lab- 
oratory Cold  Injury  Team.  Table  6 is  a summary  of  the 
average  monthly  temperatures  reported  by  the  various  regi- 
ments in  Co: bat. 

TABLE  6 

distribution  of  Avmo:  ik>?;tklt  sajaEjrrAt  tsteratores 


By  comparing  the  r.orral  temperatures  plus  anonalies  for 
the  1950-51  winter  to  those  recorded  at  regimental  cocbat 
levels  during  the  1551-52  winter,  the  following  nay  be 
concluded: 

1.  December 

Average  terr/?ratures  to  which  combat  troops  in  the 
Chor.in  Reservoir  area  were  exposed  in  1950  were  about 
20  degrees  (r.)  colder  than  ii:  1951  and  sir.ilarly  about 
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12  decrees  (?.)  colder  at  the  Anju  engagements.  Dif- 
ferences ir.  extreme-  were  r-o  doubt  greater.  The  in- 
fluence of  weather  or.  the  1550-51  cold  injury  rate  was 
probably  very  considerable. 

2.  January 

Temperatures  encountered  by  troops  in  January  1951 
were  nearly  the  sane  as  those  encountered  by  troops 
somewhat  further  north  duriig  the  warmer  January  1952. 

3.  February 

The  combination  of  a colder  month  and  more  northerly 
latitude  resulted  in  exposure  of  the  troops  during  the 
winter  1951-52  tc  temperatures  which  averaced  7 to  3 
decrees  (r.)  colder  than  1950-51* 

U.  Starch 

Both  winters  had  tempera  turn  a that  were  2 degrees  (r.) 
Warner  than  the  i.crral  expected  for  thi3  month,  but  the 
troops  during  she  winter  1951-52  being  located  in  a more 
northerly  latitude  were  exposed  to  temperatures  about  3 
or  It  degrees  (“.}  colder  than  those  during  the  winter 
1550-51.  However,  such  temperatures  are  only  occasion- 
ally low  enough  t<-  result  in  frostbite. 

1. 'onaalcy  of  1751-52  Korean  Winter 

Because- of  the  low  incidence  of  frostbite  during  the  winter 
of  1751-52  the  comparison  o i the  monthly  temperature  averages 
with  tlw  ncm.il  monthly  values  attained  from  observation  for 
a 10  year  period  were  mate,  These  data  are  given  i:i  Tables 

2,  3,  U aid  5-  'i'e:.;era'— re  an.  miles,  obtained  froa  these 
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tables,  are  plotted  on  Figure  9* 

■ Figure  9 shows  that  three  of  the  four  winter  months  were 
waraer  than  the  expected  average.  Chunehon,  the  station 
closest  to  the  combat  zone  ar.d  probably  the  nost  represent- 
ative of  conditions  in  that  zone,  si  owed  very  large  positive 
anomalies  for  December  iuA  January.  The  difference  was 
ever,  noro  pronounced  for  January,  the  coldest  nonth  of  the 
year,  in  the  average  minimum  tenperatures  which  waa  16* 
instead  of  fi*  F.  {table  '»).  It  would  appear  that  frostbite 
could  have  been  core  prevalent  and  more  severe  in  a normal 
winter  if  the  temperature  anomalies  had  beer,  in  the  opposite 
direction.  Such  a reversal  of  the  temperature  anomalies 
would  have  resulted  Ir.  an  average  minimum  temperature  well 
below  0*  F.  instead  of  the  10*  to  15*  temperature  en- 
countered in  1951-52  (Ap^.-ndix  III). 

Daily  weather  su-raries  for  each  United  States  regiment 
and  its  battalioi-j  have  been  prepared  and  are  available  upon 
request  fron  the  Aray  Medical  Research  Laboratory,  Fort  Kr.ox , 
Kentucky.  These  sursiarico  include  the  lowest  maxinun  and 
average  temperature  of  the  day,  the  average  wind  speed  and 
wirdchill,  the  extreme  and  predominant  type  of  weather,  the 
extreme  and  other  types  of  surface  conditions  and  the  ele- 
vation of  each  weather  station. 

v.  oUMKAitf  a::d  co’:ci.us.o::s 

The  procedures  ar.d  techniques  for  collection  of  weather  data 
from  front-line  positions  ir.  Korea  were  described.  TVse  data  included 
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three-hcurly  temperatures,  huniditios.  wind  speeds  (calculated  wind- 
chill).,  type  of  weather  and  grain d surface  conditions  for  each  United 
States  regiment  in  Korea  with  supplemental  six-hourly  weather  data 
from  each  of  the  3 battalions  in  each  regiment.  ?otential  uses  of 
these  data  iji  cold  injury  epidemiology  were  outlined  and  illustrated. 

Thcro  have  been  presented  cemparisor-.s  of  temperatures  which 
occurred  in  the  winters  of  1950-51  and  1951-52.  A further  comparison 
was  made  between  the  observed  temperatures  in  the  winter  of  1951-52 
with  the  expected  normals  for  the  period.  It  was  concluded  that  the 
colder  temperatures  experienced  in  December  1950  could  in  part  ac- 
count for  the  greater  incidence  of  frostbite  in  that  month  as  com- 
pared to  the  incidence  in  December  1951.  However,  January  and  Feb- 
ruary temperatures  in  1951  and  1952  were  not  so  dissimilar  as  to 
account  for  the  differences  in  incidence  of  frostbite  in  the  two 
years.  Since  the  winter  of  1951-52  was  relatively  warmer  than  nor- 
nnl  it  is  speculatively  proposed  that  should  the  tcmjwr.V.urc  ani-rvalics 
be  reversed  for  another  winter  aid  all  factors,  including  location  of 
the  combat  none,  remain  the  so;. ic  an  increase  ir.  cold  injury  could 
occur. 

The  reception  of  the  weather  program  by  combat  units  ar.d  sub- 
sequent use  by  those  units  in  their  icily’  operations  was  discussed. 

It  was  indicate!  that  an  expanded  weather  service  for  the  ground 
forces  would  be  of  definite  value. 


vi.  aii)Uca,?A?;nc 


1.  Ji pie j P.  3.  and  C.  F.  Fisscl.  Measurements  of  dry  at- 
t aspheric  cooling  in  sub-froecit,;  temperatures.  Proc. 
Am.  Phil.  Soc.  V-1 } , :.o.  1,  19**5. 
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APPENDIX  X 


HETEH30L0G1CAL  PROCRAM 
for 

COLD  LNJUfCC  STUD! 
KOREA,  1951-52 


(True  attract  Copies) 
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HEADQUARTERS 

. EICHTH  UNITED  STATES  ARMT  KOREA  (EUSAX) 
Office  of  the  Commanding  General 
APO  301 
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AG  701  KKDA  U November  1951 

SUBJECT:  Weather  Observations  for  the  Korean  Cold  Injury  Study 


TO:  See  Distribution 


1.  Effective  15  November  1951,  or  as  soon  thereafter  as  practi- 
cable, each  infantry  regiment  and  each  infantry  battalion  In  your 
command  will  make  daily  meterological  observations  as  outlined  in  in- 
closures 1 thru  5« 

i 

2.  Instruments  and  forms  required  will  be  furnished  direct  to 
divisions  concerned.  Captain  Norman  Slsscnwine,  USAF,  a meteorologist, 
will  visit  commands  concerned  at  an  early  date  and  furnish  technical 
assistance. 


3.  Reports  will  be  made  daily  from  regiments,  and  every  5 days 
from  battalions  on  forms  (lnclosure3  4 and  5)  and  forwarded  fraa  di- 
visions direct  to  the  Corcmr.ding  Officer,  25th  Evacuation  Hospital, 
APO  301,  (Attention:  Cold  Injury  Research  Team). 


A.  Reports  are  exempt  from  reports  control  under  the  provisions 
of  par  4r,  AR  305-15. 


ETf  COttiAND  OF  CEiZRAL  VAN  FLEET: 


5 Incls:  (s) 

1 - Instructions  to  Bn  Weather  (t) 

Observers 

2 - Instructions  to  Rsgt  Weather 

Observers 

3 - Mctcrolegicai  Program  for 

Korean  Cold  Surgery  Study 

4 - Fora,  P.egt  Dally  Meterological 

Observations 

5 - Form,  Bn  Keterological  Observations 


H.  Frasier 
H.  FRAZIER 
Haj.  AGC 
Asst.  AG 


DISTRIBUTION: 

C.G.  1st  Cav  Dlv 
C.G.  2nd  Inf  Div 
C.G.  3rd  Inf  Div 
C.G.  7th  Inf  Div 
C.G.  24th  Inf  Dlv 
C.G.  25th  Inf  Div 
C.G.  1st  P.irine  Div 


IHFO:!>!ATICN  TO: 

C.G.  I,  IX  and  X Corps 
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}iTiO.TOLOGlCAL  PROGRAM 
for 

KOREA-:  GOLD  lLJUHT  SHOT 
(Vinter  1951-52) 

(Copy  of  Instructions  issued  to  all  weather  station  personnel) 

Cold  injury  is  generally  caused  by  excess  heat  loss  fron  the  en- 
tire body.  The  body,  attempting  to  conserve  heat  for  the  vital  inner 
organs,  constricts  blood  flow  to  the  extremities  (feet  and  hands)  re- 
sulting in  their  cold  Injury. 

Cold  injury  cay  also  be  caused  by  excess  heat  loss  fron  a portion 
of  the  body,  invariably  an  extremity,  even  though  the  normal  heat  bal- 
i--ce  of  the  rest  of  the  body  is  maintained.  This  cay  occur  for  the 
feet  at  only  moderate  temperatures,  about  f reeling,  following  wetting, 
or  for  the  har.ds  at  extremely  cold  temperatures  by  short  period  contact 
with  cold  soaked  cetallic  object. 

Therefore,  in  studying  cold  injury,  it  fs  important  to  know  the 
magnitude  of  the  factors  causing  excess  general  ani  excess  local  heat 
loss.  For  excess  general  heat  loss  tho  most  important  meteorological  • 
factors  are  air  temperature  a:d  wirdspeed.  These  nay  be  combi red  into 
a single  quantitative  expression  of  ccoling  power  such  as  Wind  Chill 
(which  is  the  rate  of  heat  loss  from  an  uninsulated  small  cylinder 
having  a 93*  F.  surface  temperature),  or  converted  to  equivalent  calm 
air  ttr.peraturo.  Rain  may  also  increase  general  cocliig,  especially 
if  the  soldier  is  without  a raincoat,  and  will  be  important  when  en- 
countered with  temperatures  near  or  below  froosiig.  Other  factors 
affecting  general  cooling,  hut  not  as  directly  aid  r.ot  so  easily  ob- 
tained and  correlated,  are  solar  radiation,  outgoirg  radiation,  and 
humidity. 

For  local  ccoling  the  most  important  meteorological  factor  is  tho 
state  of  the  gromd.  It  may  be  described  simply  by  classifying  the  sur- 
face as,  dry,  wet,  slushy,  and  snow  of  various  depths.  Those  data  of 
surface  conditions  must  be  used  in  association  with  the  air  temperature 
to  evaluate  cases  of  local  cooling.  Conditions  af  local  cooling  af- 
feclitig  the  hands  are  r.ot  obtained  by  nete  .rological  methods,  but  will 
probably  be  available  fron  car.e  histories. 

!!eteorolr gical  data  usually  available  is  obtained  by  the  Air 
.leather  Service  at  Air  Force  Rases  often  quite  remote  from  the  combat 
acne,  the  scene  of  cold  Injuries.  In  rugged  terrain,  such  as  is  en- 
ccMtcrad  Korea,  the  meteorological  elements  may  vary  considerably 
ever  short  distances.  During  the  past  winter  tie  coldest  Air  Force 
'.o>;  temperature  on  record  for  Korea  (a  nailable  at  the  liv ..liyiarters 
a:J  the  .Ur  .feather  Service)  was  ♦10*  F.  A two-man  observation'  team 
ir.  the  support  area  observe  1 -13*  F.  Combat  In  ops  reported  having 
experienced  -3-'*  F.  but  adequate  records  wore  i.-at  maintained.  Thus 
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it  is  highly  important  to  obtain  a complete  set  of  meteorological  data 
as  close  to  the  scene  of  cold  injury  as  is  possible.  These  data  will 
also  prove  useful  in  evaluating  the  performance  of  all  combat  equipment 
in  addition  to  its  primary  usage  for  Cold  Injury  Studies. 

The  following  two  series  of  observations  will  bo  obtained: 

Cold  Injury  Meteorological  Observations  - Regimental 

a.  Where  obtained  - At  all  Regimental  Headquarters 

(21  to  2U  regiments  anticipated) 

b.  Time  of  Observation  - Every  3 hours  (0300,  0600  - - - 21,00  LST). 

c.  Data  Required  * (l)  Kane  of  Regiment,  its  geographic  lo- 

(in  duplicate)  cation  including  elevation  (Coordinates 

or  reference  to  woll-tcr.owTi  cities  nay 
be  used),  and  type  of  terrain,  i.e., 
flat  valley,  hill,  aountain. 

(2)  Exact  time  of  observation. 

(j)  Dry  bulb  temperature  (in  shade)  about 
four  feot  above  ground. 

_ (t)  Wet  bulb  tc-.perature  (obtain  along  with 
dry  bulb  only  when  dry  bulb  is  above 
25*  F.). 

(5)  Wind  mileage  at  four  fuel  (used  to  com- 
pute the  average  speed  between  obser- 
vations). 

(6)  Weather  typo: 

a,  dear  to  partly  cloudy 
■ b.  cloudy  to  ovcrcase 
e.  blowing  snow,  sand,  or  dust 

d.  foggy 

e.  drizzle 

f.  raining 

g.  thunderstorm  with  rain  or  hail 

h.  sleet  and/or  freezing  rain  or  snow 
1.  snowing 

(7)  Croujid  Surface  Conditions: 

a.  dry 

b.  wet 

c.  nuddy 

d.  slusliy 

e.  snow,  2 inches  or  less 

f.  snow,  3 to  5 inches 

g.  -now,  6 to  B inclies 

h.  enow,  9 to  11  inches 

i.  snow,  1 foot  or  more 

toe 
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d.  lnstruoents  Required  - (1)  Signal  Corps  HL-2-,  Psychrooeter  with 

wicks  and  two  spare  thernoraeters. 

(2)  Signal  Corps  XL-30  anenoaeter  with  a 
pipe  about  six  feet  long  for  neuntirg. 
This  pipe  will  be  driven  into  the  ground 
about  two  feet. 


(3)  Signal  Corps  HL-7  Thercoceters  (Arctic 
range). 

Cold  1?) ~ I'-etcorolorical  Observations  - Battalion 

a.  '.flicre  obtained  - At  all  Battalion  Headquarters  (63  to  72  battalion 

anticipated) 

b.  Time  of  Observation  - svery  6 hours  (0600,  1200,  1800  and  2i00). 

c.  Data  Required  - (l)  Hate  of  Battalion,  its  geographical  location 

including  elevation  (coordinates  or  reference 
to  well-known  cities  nay  be  used),  and  type 
of  terrain,  i.e.,  flat,  valley,  hill,  noun- 
tain. 

(2)  Tine  of  Observation. 

(3)  Temperature  (in  shade)  about  four  feet  above 
ground. 

(/*)  Ground  Surface  Conditions: 

a.  dry 

b.  wet 
C.  cuddy 

d.  slushy 

e.  snow,  2 inches  or  less 

f.  3t.ow,  3 to  5 inches 

g.  snow,  6 to  8 inches 

h.  snow,  9 to  11  inches 

i.  snow,  1 foot  or  oore 

d.  Instruments  Required  - Two  pocket  therwoceters  with  case. 
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INTRODUCTIOil: 


Knowledge  of  environmental  conditions  (weather  and  terrain)  which 
you  have  been  directed  to  observe  and  record,  is  extremely  important  to 
the  future  success  of  our  fighting  forces.  Men  and  equipment,  fall  victim 
to  environmental  extremes,  especially  to  cold,  wind  and  wetness.  By 
knowing  these  extremes,  reliably  and  exactly,  it  is  possible  to  do  re- 
search which,  in  the  future,  will  reduce  or  prevent  such  casualties. 

These  data  are  extremely  important  contributions  to  your  fellow 
fighting  nan.  Accuracy  is  important  as  erroneous  data  can  do  core  harm 
than  good.  A conscientious  attempt  must  be  node  to  obtain  all  scheduled 
observations.  Only  about  5 minutes  every  J hours,  a total  of  40  minutes 
a day,  will  be  required.  Scheduled  time  for  these  observations  is  given 
on  the  data  sheets  provided. 

Lt'STKbrarrs  amp  use; 

Only  three  instruments  are  required,  a thermometer  (Signal  Corps 
Model  KL-7),  a psychrcr.eter  (Signal  Corps  Model  ML-24),  and  an  anecom- 
eter  (Signal  Corps  Hcdel  11-C0).  These  will  be  provided  by  the  Korean 
Cold  Inj’iry  Field  Hospital  and  must  be  returned  to  that  Ccruer  upon 
notification  at  the  termination  of  this  operator.. 

a.  Therr.OTwter  (Mo-7)  - This  is  an  ordinary  the rco.se ter  with 
which  you  are,  no  doubt,  familiar.  It  has  a range  of  -9C*  F to  *90*  F. 
The  temperature  can  be  rend  to  the  nearest  degree.  Care  rust  be  taken 
to  always  use  the  rur.us  (-)  sign  for  temperatures  below  scro.  Temper- 
atures should  be  obtained  about  4 feet  above  the  ground,  in  the  shade 
(the  tody  ray  be  used  for  shade),  and  away  from  any  object  which  is 
emitting  heat.  The  thermometer  should  be  whirled  gently  on  the  end  of 
a 1 foot  string  ir.  order  to  bring  it  into  complete  equilibrium  with  the 
air.  This  is  especially  important  if  it  has  been  recently  removed  from 
a heated  shelter.  It  r.u.i t be  shielded  fren  rain  drops  aid  snow  flakes. 

b.  Psyehror-eter  (.’2.-2 .'♦)  - TJils  instrument  ir.  used  to  obtain  both 
th  air  temperature  and  huriJity.  Tho  humidity  i.ecd  be  obtained  oriy 
when,  the  air  temperature  is  above  ♦ 2S*  F.  Hie  instrument  consists  of 
two  thermometers  attached  to  a me'al  frame  to  which  is  Hiked  a handle. 
One  therr.'jr.ctcr  extends  .cut  further  than  the  other  and  contains  a 
cloth  sock  (the  wick).  A rending  is  obtained  by  wetting  this  wick  and 
then  whirling  the  instm.’ci.t  gently  by  its  handle  for  about  30  seconds. 
L'-'-.j-iiatcTy  upon  tho  discontinuation  of  rotation  the  wetted  thermometer 
(wet  bulb)  is  rod.  Tie  instrument  is  then  whirled  .•.gain  fer  about  10 
seconds  and  -he  previous  roiling  checked.  This  is  repeated  until  two 
consecutive  temperature--.  are  the  sane.  (Oi.ly  2 or  3 trials  are  gen.er.1ll7 
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require,!).  'Ac  other  thermometer  (the  dry  bulb)  is  read  imediately 
followitg  the  filial  reading  of  the  wet  bulb  the  more  ter  aj/1  both  read- 
ings are  rec.'rded. 

Jfcen  the  air  temperature  is  near  freeaii^j  the  wet  bulb  nay  appear 
tc  exceed  the  air  temperature  as  it  Cor: nonces  to  freeze.  However,  after 
whlrlii*"  for  the  proper  period  of  tire,  ttie  wet  bulb  will  freeze  solid 
and  then  attain  a nininun  temperature  which  will  yield  the  correct  hu- 
nidity. 

c.  A:er.or.etcr  (KL-SO)  - This  instrument  totals  the  miles  of  wind 
that  pass  by.  It  has  a dial  or.  it  which  indicates  the  total  mileage 
induing  tenths  of  a mile  that  pass.  It  automatically  starts  over  at 
999.9  miles.  The  dial  ia  turned  ay  3 cups  mounted  or.  arms.  Those  are 
rotated  by  the  wind.  They  must  bo  maintained  in  the  horizontal  plane 
about  1 feet  above  the  ground.  The  entire  instrument  should  be  mounted 
50  to  100  feet  away  from  any  obstruction  or.  a psle  or  pipe  which  has 
beer,  drive:,  ir.te  the  grouid  about  1 to  2 feet.  A thumb  screw  is  usod 
to  tighten  the  a:ieswmetcr  onto  this  pipe.  3y  ki.owi:^  the  exact  time  of 
two  consecutive  mileage  observations  it  i3  possible  to  calculate  the 
average  wind  soced  iuriig  that  period. 


Daily  data  sheets  "legirwntal,  Daily  lietoorological  Observations, 
Korean  fell  Injury  Itudy"  are  provided  for  .he  rtoordii-g  of  there  data. 
The  irf-rratiu.,  conrornitg  location  and  elevation  at  the  top  of  .his 
fora  ir  extremely  important.  It  should  be  obtained  from  the  regimental 
1-2.  Intitule  at.d  lotgitude  cnl  distance  arj  'reotiot;  from  nearest 
city  should  be  used.  *hc»;  regimental  hcajr.sir  ,rs  are  moved,  a new 
fern  must  always  be  started  for  the  first  observation  at  the  new  lo- 
cation. 


The  appropriate  type  if  terrain  to  be  i:Jicated  in  the  lire  beneath 
Location  ah  raid  be  ciVclod.  Ordinary  ji:d,p  ,e:,t  of  the  observer  is  re- 
quired. .he  local  tine,  to  * ho  nearest  r.i-  ute  should  be  entered  in 
Coi.ec;  (2).  It  should  correrp.:!  to  the  t i >i  of  re  a ling  of  the  are  - 
r,:r.et er.  The  dry  bulb,  temperature  for  Col::?.  (3)  should  be  obtained 
fro:.;  the  r.ychr Jtcter  (iX-X.)  when  she  ter.:  ■era', uro  is  above  *2j*  r.  At 
i<wer  tenmeratures  cither  the  therm  caster  ('.X- 7)  which  reads  down  to 
-iO*  ?.  e*  the  psyciirorctcr  (:X-2b)  read -rg  Jew:;  to  -33*  F.  stay  be  used, 
go  lew  -3?*  F.  only  the  lherr.o:..ctcr  (M-?)  can  be  mod.  The  minus  (-) 
sign  roost  be  Included  for  below  cers  temperature-.. 

fhc  ».-■  bulb  temperature , Colsrs.  (.’>),  reel  iv  obi a inel  o:.ly  when 
.he  dry  1-slb  is  above  25*  F.  .'he  ‘.t.s;  ructions  contained  in  the  para- 
graph or.  the  psycfsri’TMtor  03-2.»)  in  the  previous  eel  ion  must  be  care- 
fully fell  owed  as  erroneous  observations  will  otherwise  be  obtained. 

relative  humidity,  Col-imr.  (5)  should  be  omitted  is  it  will  be 
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calculated  at  the  Cold  Injury  Hospital  Center.  The  current  mileage. 
Column  (6)  should  bt.  entered  from  the  anenomoter  reading  at  the  tine 
indicated  in  Column  (2).  The  mileage  recorded  for  the  previous  ob- 
servation should  be  included  in  Column  (?).  The  speed,  Coltcn  (8)  and 
the  Wind  Chill,  Column  (9)  should  be  left  blank. 

The  weather  type.  Column  (10),  should  be  entered  by  choosing  the 
most  appropriate  of  the  9 types  listed  on  the  form.  The  numerical 
classification  most  applicable  should  be  used.  Column  (11),  surface 
type,  should  be  entered  in  tho  same  manner  as  Column  (10). 

DISPOSITION  OF  COHPISTSn  VgATHgR  FORKS 

The  "Regimental,  Daily  Meteorological  Observations,  Korean  Cold 
Injury  Study"  form  must  bo  completed  in  duplicate.  Or.e  copy  is  to  be 
forwarded  daily  to  the  Korear,  Cold  Injury  Field  Hospital,  Attention: 
Weather  Section.  The  Korean  midress  will  be  provided  under  separate 
cover.  Pertinent  questions  and  remarks  can  be  informally  noted  on  the 
back  of  e_ch  form.  The  other  copy  will  bo  kept  on  file  with  the  Regi- 
ment, until  completion  of  the  program  in  the  Spring.  At  that  time,  the 
entire  set  will  be  forwarded  to  tho  Cold  Injury  Hospital  Center  along 
with  the  instruments. 
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Home  of  Regiment: 

Elevation:  Mete 

rs 

Location: 

Date: 

Tvne  of  Terrain: 

Hill  Mountain  (circle  or.e 

) 

[QHSJ 


TgyggATjJHS  P.clativa 
Schedl Actuall  Dry  I V.’et  | Humidity 


mi 


Mil  III  — — — 


rfir.d  chill 


WEATHER  TYPE5 

SURFACE  TYPE* 

i. 

Clear  and  partly  cloudy 

1. 

Dry 

2. 

Cloudy  tc  overcast 

2. 

Wet 

3. 

Blowing  sr.ow,  sand,  or  dust 

3. 

Ruddy 

Urn 

foggy 

u» 

Slushy 

5. 

Driszle 

5. 

Snow:  2 Inches  or  less 

6. 

Rain 

6. 

Snow:  3 to  5 inches 

?• 

Thunder  stores  with  rair.  or  haii 

i • 

Sr.ow:  6 to  8 inches 

3. 

Sleet  ard/or  freesirg  rair.  or  mow 

6. 

Snow:  9 to  11  inches 

?. 

Sr.ow 

9. 

Sr.ow:  j.  root  or  more 

v 

use  as  nar.y  classifications  as  ar«*  • 

•pplicVolc 
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INSTRUCTIONS  TO 
BATTALION  WEATHER  OBSERVERS 


INTRODUCTION: 

Knowledge  of  the  environmental  conditions  (temperature  and  terrain) 
which  you  have  been  directed  to  observe  and  record,  is  extremely  im- 
portant to  the  future  success  of  our  fighting  forces.  Hen  and  equipment 
fall  victim  to  environmental  extremes,  especially  to  cold  and  wetness. 

By  knowing  these  extremes,  roliably  arri  exactly,  it  is  possible  to  do 
research  which,  in  the  future,  will  reduce  or  prevent  such  casualties. 

Those  data  are  extremely  important  contributions  to  your  fellow 
fighting  men.  Accuracy  is  important  as  erroneous  data  can  do  more  harm 
than  good.  A conscientious  attempt  nu3t  be  made  to  obtain  all  scheduled 
observations.  Only  about  2 minutes  every  6 hours,  8 minutes  a day,  will 
be  required.  Scheduled  time  for  these  observations  is  given  on  the  data 
sheet  provided. 

INSTRUMENTS  AND  USE; 

Only  one  instrument,  a pocket  thermometer  (Taylor  Instrument  Com- 
pany, Rodel  211,10,  range  -50  to  *120*  F.)  is  required.  This  and  • 
spire  will  ha  provided  by  the  Korean  Cold  Injury  Field  Hospital  and 
must  bo  returned  to  that  Center  upon  the  termination  of  this  operation. 

T .'.s  thermometer  is  of  a typo  with  which  70a  are,  no  doubt,  famil- 
iar. Temperature  can  be  estimated  to  tho  nearest  degree  from  the  2 
degree  divisions  etched  on  tho  stem.  Care  must  be  taken  to  always  use 
the  minus  (-)  sign  for  temperatures  below  sero. 

The  temperature  should  be  measured  about  U feet  above  tho  ground, 
in  the  shade  (the  body  cay  be  used  for  shade),  and  away  from  any  object 
which  is  emitting  heat.  The  thermci.cter  should  be  uncased  and  then 
whirled  gently  on  the  end  of  a 1-foot  string,  in  order  to  bring  it  to 
complete  equilibrium  with  tho  air.  This  is  especially  important  if 
the  thermometer  has  just  been  removed  from  the  pocket.  It  must  bo 
shielded  from  rain  drops  and  snow  flakes. 

OBSERVATIONS: 

Five-day  data  sheets,  "Battalion  Meteorological  Observations,  Ko- 
rean Cold  Injury  Study,"  are  provided  for  the  recording  of  these  data. 

The  information  concerning  location,  required  at  the  top  of  this  form, 
is  extremely  important.  Distance  and  direction  from  vell-’mown  cities 
and  latitude  and  longitude  should  be  used.  It  should  be  obtained  from 
the  Battalion  S-2.  A fresh  form  is  always  required  for  the  first  ob- 
servation following  movement  of  tho  Battalion  Headquarters  even  though 
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the  current  fora  is  only  partially  complete.  The  type  ef  terrain  to 
be  indicated  on  the  line  beneath  the  Battalion  Humber  should  be  circled. 

Only  the  ordinary  judgment  of  the  observer  is  required. 

The  date  and  month,  Column  (l)  and  (2)  need  be  completed  only  once 
each  day.  The  actual  tine  of  observation.  Column  (i,),  should  be  within 
15  minutes  of  the  scheduled  time.  Column  (3),  whenever  possible.  The 
temperature,  as  obtained  by  the  method  outlined  in  the  previous  section 
on  Instruments  and  Use,  should  be  placed  in  Column  (5).  Care  must  be 
taken  to  Include  the  minus  (-}  sign  for  temperatures  below  zero.  The 
proper  surface  type.  Columns  (6)  through  (lit)  should  be  estimated  and 
an  X placed  in  the  column  of  ths  classification  most  applicable. 

DISPOSITION  OF  C0XP1STFD  WEATHER  FORMS; 

The  "Battalion,  Meteorological  Observations  Korean  Cold  Injury 
Study"  forms  must  be  completed  in  duplicate.  One  copy  is  to  be  forward- 
ed upon  completion  (each  five  days,  ofteaer  during  movement)  to  the 
Korean  Cold  Injury  Field  Hospital,  Attention:  Weather  Section.  The 
Korean  address  will  be  provided  under  separate  cover.  Pertinent  quest- 
ions ard  remarks  can  be  noted  informally  oc  the  back  of  tcch  fora. 

The  other  copy  will  be  kept  on  file  with  the  request  m.til  the 
completion  of  the  program  in  the  spring.  At  that  time,  the  entire  set 
will  bo  forwarded  to  the  Korean  Cold  Injury  Field  Hospital  along  with 
tho  instruments. 
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aigpeirrAL  weather  observatioh  kit 

coHPararrsi 

a.  1 63.  thermonoter  ML-7  (Arctic  Ring®). 

b.  1 ea.  paychrooeter  ML-24  w/handle 

c.  2 oa.  replacement  thermometers  for  psychrceeter  HL-24. 

d.  10  ea.  replacement  wicks  for  psychroneter  HL-24. 

e.  1 ea.  anemometer  ML-30  w/wrench,  oil  and  instructions. 

f.  1 ea.  "Meteorological  Program  for  Korean  Cold  Injury  Study". 

g.  2 ea.  "Instructions  to  Regimental  './either  Observers". 

h.  100  ea.  "Regimental  Daily  Ketorclogicnl  Observations"  (200 

additional  copies  will  be  forwarded  under  soparate 

cover. 

notes; 

a.  A pole,  pipe,  or  rod  about  5 feet  long  and  3/4  inch  in 

diameter  oust  be  obtained  locally  for  us®  as  the  anemometer 

support. 

b.  3 e*«  Battalion  heather  Observation  Kits,  included  for  for- 
warding, are  also  contained  in  this  carton. 

Fi;:AL  rSTRDCTIOKS; 

a.  Anemometer  Oiling-The  anemometer  VZ-- 60  has  been  completely 
oiled  with  Ukj  exception  of  the  t*p  oil  cup.  It  must  be  removed  in 
order  to  add  the  rotating  cups  to  the  main  assembly.  After  the  oil 
cup  has  been  replaced  and  tightened  (with  the  wrench)  its  cap  must 
be  removed  and  the  cup  half  filled  with  the  light  grade  instrument 
oil  provided.  Care  must  be  taken  to  see  that  one  end  of  the  cotton 
wick  in  the  cup  extends  about  1 inch  devr-vard  through  the  hole  in  the 
center.  Monthly  cilings,  as  indicated  in  the  instruction  manual,  are 
required. 

b.  Rending  the  Anemometer  Dial-The  tens  of  rules  are  read  on  the 
scale  (.umbered  from  0 to  900  opposito  the  indicator  lire  etched  on  the 
hollcv-ed  out  portion  of  the  adjacent  cut  cut  circle.  (Ten  mile  divis- 
ions are  narked  but  not  nir.be rod.)  The  tiles  and  tenths  are  then  added 
to  this  first  reading  as  the  ano-jit  indicated  on  the  outer  circle  by 
the  little  pointer  mounted  on  the  tiny  cog  wheel  under  the  upper  left 
rin  of  the  dial. 


HAIU.'.'G  l::ST?'JCTI0::5; 

Original:-,  of  the  Daily  Meteorological  Observations  fora  are  to  be 
dispatched  as  soon  as  completed,  through  channels,  to:  


Cold  Injury  Research  Team, 
25th  evacuation  Hospital, 

AFO  301 

c/o  FA,  Jan  Francisco,  Calif. 
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COHPOIS.TS: 


a.  1 ea.  "Instructions  to  Battalion  Weather  Observers". 

b.  2 ea.  Taylor  pocket  theraoaeter  (Barge  -50*  F.  to  120*  F.), 

e.  60  ea.  "Battalion  Meteorological  Observations, 

Korean  Cold  Injury  Study". 


haili;:g  i:^TimcTio;:s:  ' 

Originals  of  the  meteorological  fores  are  to  be  dispatched 
as  soon  as  completed,  through  charnels,  to: 

Cold  Injury  Research  “can, 

25th  Evacuation  Hospital  J2, 

A?0  301 

c/o  PM,  San  Francisco,  Calif. 

Attention:  Weather  Officor 
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EIGHTH  UhlTED  GTATSG  AMT  KOREA  (EUSAK) 
Office  of  the  Ceeranding  General 
APO  301 


AG  701  KMDA 


10  January  1952 


SUBJECT:  Application  of  Weather  Data  to  Local  Operational  Problem 
TO:  Sea  Distribution 

1.  Reference  letter  this  headquarters,  AG  701  KHDA,  lfc  Koveuber 
1951,  subject;  -Weather  Observations  for  the  Korean  Cold  Injury  Study. 

2.  The  following  applications  of  weather  data  to  local  operation- 
al problems  arc  listed  for  your  information: 

a.  Duplicates  of  the  daily  weather  observations  are  main- 
tained at  regimental  headquarter!.  Fran  these  it  will  be  possible  to 
note  the  exact  we  her  conditions  that  existed  during  any  operation 
that  resulted  in  considerable  cold  injury.  At  sor.c  future  date,  when 
a similar  action  is  contemplated  or  encountered,  it  will  be  possible 
to  make  an  estimate  as  to  the  adequacy  of  the  clothing  worn  by  the 
troops  by  comparing  the  current  weather  data  to  that  of  the  past  ex- 
perience. Decisions  can  be  cade  as  to  --he  furnishing  of  additional 

or  alternate  clothing  and  footgear  and  as  to  the  lengthening  or  short- 
ening of  patrols  or  hours  of  guard  duty. 

b.  Accurate  reports  or.  the  failure  of  .(capons  and  equipment, 
because  of  dim  tic  stress,  can  sw  made.  Failures  can  be  anticipated 
on  the  basis  of  a comparison  between  weather  data  collected  during 
somo  past  failure  and  current  data.  For  example,  the  temperature  be- 
low which  motor  vehicles  will  not  start  and  recoil  mechanism  mal- 
function can  be  accurately  known,  the  wind  speed  at  which  auxiliary 
tie-downs  are  required  for  tentage  car.  bo  determined,  etc. 

c.  Comparisons  of  the  ccoiiig  stress  on  man,  under  dissimilar 
conditions  of  both  wind  speed  and  -temperature,  car.  bo  made  from,  the 
attached  '.find  Chill  graph.  For  example,  a temperature  of  -18*  F.  and 

a wind  speed  of  5 mp’i  creates  the  same  stress  ns  -2*  F.  and  10  m.ph. 

(at  each  of  these  sets  of  con  iitions  the  exoosed  checks  of  ai.  inactive 
soldier  will  quickly  become  hard  ar.d  white.)  This  ii-formaiion  may  be 
used  to  supplement  iten  a.,  above. 

d.  The  minimi  temperature  for  the  next  n-.orrdng  can  be  esti — 
mated  from  the  dew  point  obtained  fren  the  psychrometric  reading  observed 
duriig  tlie  previous  afternoon  or  evening.  Unless  there  is  a radical 
change  in  the  weather  pattern,  usually  accompanied  by  cloudy  skies  and 

a short  ir.  wir.d  direction,  the  morning  temperature  during  cold  weather 
will  generally  r.ot  frill  core  than  five  or  six  F*  l>clow  she  previous 
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AC  701  KHDA  10  January  1952 

SUBJECT:  Application  of  Weather  Data  to  Local  Operational  Problems 


evening’s  dev  point.  (Psychrometrle  tables  for  determining  the  dev 
point  and  also  the  relative  humidity  are  attached.  Accurate  wet  bulb 
temperatures  are  required.  Many  of  those  currently  being  forwarded 
are  far  too  high,  indicating  insufficient  whirling  of  the  psy  chrome  ter.) 

e.  Temperatures  and  ground  conditions  at  battalion  level  can 
be  ccriporcd  to  those  at  the  regimental  level  and  to  each  other  in  order 
to  give  a clearer  picture  of  weather  closor  to  the  actual  combat. 

f.  These  weather  records  will  be. helpful  In  describing  the 
environmental  conditions  under  which  operations  took  place  when  the 
monthly  regimental  history  is  prepared. 

g.  The  height  of  the  puffy  white  clouds  that  form  during 
suu.y  afternoons,  of  interest  to  air  liaison  officers,  can  be  esti- 
mated by  multiplying  the  difference  between  the  temperature  and  dew 
point  by  225.  This  will  give  the  elevation,  in  feet,  of  the  base  of 
these  cloiris  above  the  point  of  the  psychrometric  observation.  (Ac- 
curate wet  bulb  temperatures  are  required.) 

iff  COMMAND  OP  COSTAL  VAN  FUST: 


2 Inc Is 

1.  Wild  ''‘•ill  Graph 
. 2.  Psychromtric  tables 
a.  Dev  Point 
o.  Relative  humidity 
DISTRIBUTION 


CO  2rwi  Inf  Div 
C3  3rd  Inf  Div 
CG  7th  Inf  Div 
CO  ?4th  Irf  Div 
CG  2pth  I rf  Div 
CG  05th  Inf  Div 
CG  1st  Karine  Div 


IhrOrMTlOU  TO: 

CG  I,  IX  a:»i  X Corps 


(s)  John  F.  Kolo 

(t)  JOKS  F.  KCLO 
Major,  AGC 
Asst  AC 
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COLD  IKJURT  RESEARCH  TEAM 
25th  EVACUATION  HOSPITAL 
APO  301,  US  A rmy 

IS  January  1952 

Regimental  Weather  Officers, 

All  US  Regiments  in  Korea 

Gentlemen: 

The  Korean  cold  see -on  is  about  half  over*  Those  participating  in 
the  Cold  Injury  Research  Tea n*s  weather  observing  program  are  to  be  com- 
mended. With  very  few  exceptions  the  weather  reports  received  in  this 
cold  injury  center  have  been  excellent.  They  have  helped  in  the  antici- 
pation of  patient  load  in  addition  to  their  primary  usage  for  completing 
the  picture  of  conditions  existing  at  the  tino  of  cold  injury  to  non  in 
your  resident. 

Tour  headquarters  has  recontly  received  a letter  from  Eighth  Ansy 
Headquarters,  Subject:  Application  of  Weather  Data  to  Lceal  Operation- 
al Problems,  file  AO  701  K23A,  10  January  1952,  indicating  7 appli- 
cations of  these  weather  data  to  local  operational  problems . With  a 
little  thought  you  can  probably  devise  numerous  other  applications 
which  will  sake  your  operations  core  efficient  and  assist  in  prevent- 
i „-  cold  injury,  letters  indicating  such  additions  are  invited  in 
order  that  thoy  :ny  la  disseminated  to  all  regimental  combat  teens. 

Thu  state  of  the  weather  is  as  vital  to  the  can  in  the  bunker  or  tank 
as  it  is  to  thu  crew  of  ar.  aircraft.  As  the  science  of  weather  is 
furthsr  developed  it  is  poos. ble  to  foresee  special  forecasts  for  op- 
erations as  srrul  a3  squad  patrols  bef-ro  which  the  can  will  be  briefed 
on  the  weather  ?nd  ground  conditions  expected  and  the  clothing  and 
equipment  required. 

An  inspection  of  the  regimental  weather  foras,  a recent  visit  to 
a few  of  the  reginontal  weather  stations,  and  the  reference  EUSAK  lettor 
gives  rise  to  the  folio-wing  notes: 

a.  Care  should  bo  taken  to  soo  that  the  oil  on  the  ancaoroter  is 
checked  ninthly.  The  oil  cup  on  top  must  be  maintained  at  least 
half  full  cf  oil  ard  the  cotten  thrcail  wick  must  be  maintained  in 
place  in  the  main  shaft. 

b.  A taped  off  rcgirjjiital  v.-cithcr  station  is  desirable  within 
which  the  &r.o.r:r.;ter,  the  arctic  therr-croter  and  the  paychroncter 
are  courted.  . The  arctic  thersr.or.otor  should  bo  attached  to  a board 
about  a fust  wii:  and  20  inches  long.  A block  of  wood  about  3/1* 
in.  of  ar.  ir.ch  thick  between  the  therr.orotcr  and  the  board,  at  the 
very  top  is  r.eca.sr ary  in  order  that  the  air  is  free  to  circulate 
artu-i  the  thcitiomstcr  bulb.  This  board  should  bo  counted  0.1  a 
stake  so  that  the  ti:cr:*c"ster  bulb  is  about  A feet  above  the  ground. 
It  should  be  oriented  east-west  with  the  thoierraotor  e "posed  to  the 
north.  It.  t: -.1  way  sunshine  will  act  bo  able  to  reach  tho  thcr- 
s.ar.e Icr.  A sloping  shed,  about  1 foot  square,  is  desirable  as  a 
rair.  sh’ell. 
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c.  Greater  care  is  required  in  keeping  the  psychromoter  wick 
clean  in  order  that  it  will  absorb  the  naxiswn  amount  of  water. 

It  is  suggested  that  the  psychrooetcr  be  hung  on  a nail  alongside 
the  arctic  themoncter  and  that  the  wick  be  wet  from  a canteen 
cup  of  water  brought  out  for  the  observation.  When  the  arctic 
thermometer  reads  below  25*  F.  the  psyehroneter  need  not  be  used. 

d.  It  has  been  called  to  our  attention  that  quite  often  core 
than  one  weather  and  one  surface  typo  exist.  In  this  case  all 
types  should  be  listed.  For  exa.-r.ple,  during  a sunry  day  mud, 
slush,  and  snow  often  exist  concurrently.  Column  til)  should 
then  be  coded  3,4,  and  5*  On  the  following  night  types  1 and 
2 are  probable  indicating  patches  of  snow  and  frozen  ground. 

e.  For  estimating  the  rdninun  teciperature  for  the  next  day, 
as  Indicated  in  par.  2,  d.  of  the  referenced  letter,  far  greater 
care  will  be  required  in  obtaining  the  wet  bulb  temperatures  than 
has  thus  far  been  indicated.  It  should  never  exceed  the  dry  bulb 
temperatures  aid  only'  equal  it  in  a fog.  Obtaining  the  correct 
wet  bulb  temperature  often  involves  whirling  tho  psychrometer 
for  2 or  3 minutes  as  (at  wet  bulbs  below  frceriig)  the  water 
on  the  wick  must  be  completely  frozen  before  the  wet  bulb  ther- 
mos*- ter  will  go  below  32*  F.  Two  consecutive  readings  alike  must 
bo  obtained  before  it  is  decided  tho  wet  bulb  temperature  has 
been  reached.  It  must  be  read  quickly  as  it  will  start  to  rise 
at  the  cessation  of  whirling.  The  hands  nust  not  be  pemitted 

to  touch  the  thermometer  tubes. 

f.  Thu  dew  point,  required  in  estimating  minimum  te.-eperature 
for  the  next  day  and  also  for  height  of  the  puffy  white  afternoon 
clouds  (two  of  the  operational  usages  indicated  in  the  referenced 
letter)  is  obtained  from  tho  p-.ychroraoter  tables  for  dew  point. 

It  is  the  number  that  is  opposito  the  air  temperature  (dry  bulb) 
and  the  depression  of  wet-bulb  thermometer  (dry  bulb  minus  wet 
bulb)  in  one  of  tho  four  tables  stapled  together.  It  will  bo 
found  on  crly  one  of  these  tables  as  each  table  covers  a different 
range  of  temperatures  ar.t  depressions.  This  is  also  applicable 
for  dctcrr.inirg  the  relative  humidity  for  which  3 similar  psy- 
ehrometric  tables  have  been  provided. 

g.  As  indicated  in  par.  2,  d.  of  the  referenced  letter,  the 
minimum  temperature  for  the  next  day  i.i  the  rugged  Korean  terrain 
is  usually  about  5 or  6 r*  colder  than  the  late  afternoon  or  even- 
ing dew  points  of  the  preceding  day.  This  amount  should  be  checked 
at  each  Regimental  Weather  Station  by  a short  series  of  obser- 
vations as  it  varies  from  location  to  location.  This  is  only  ap- 
plicable when  the  skies  are  fairly  clear  of  anything  but  puffy 
whito  afternoon  clouds  and  their  evening  ruminants  and  when  tho 
wind  direeticr  is  fairly  constant  (as  can  be  determined  from  tho 
direction  of  smoko). 
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2i*  A severe  cold  spell  often  follows  a period  of  fairly  wans, 
cloudy,  rainy,  or  snowy  weather.  Became  of  its  sudden  appearance 
such  cold  injury  often  results.  By  observing  the  rata  of  fall  of 
dew  point  it  is  often  possible  to  aako  a fairly  reliable  estimate 
of  the  low  temperature  to  be  expected  the  first  clear  night.  If 
after  a spell  of  such  weather,  the  wind  direction  one  morning  or 
aid-day  shifts  to  the  west  or  north,  the  precipitation  ceases,  and 
the  skies  clear  or  are  left  with  only  low  puffy  or  ragged  white 
clouds  the  dew  points  should  be  observed  carefully.  Consider  the 
following  example: 

Tine  1200  1100  1600  1200 

Temperature  (*F.)  30  30  27  20 

Dew  Point  (*F.)  28  20  13  8 

An  estimate  of  sub  zero  temperature  for  the  next  morning  would  be 
appropriate.  The  dow  point  is  still  falling  and  the  temperature 
will  closely  approach  the  dew  point.  (On  the  first  night  follow- 
ing such  a sequence  of  weather  the  tempo rature  will  approach  but 
not  reach  the  dew  point.  On  the  next  night,  the  usual  sequence 
of  the  temperature  forcing  the  dew  point  down  a few  degrees,  par. 
g,  above,  will  be  resumed.) 

i.  Obtainlig  an  accurate  dew  point  is  often  difficult  at  low 
temperatures  as  the  wet  bulb  depression  nay  be  only  a few  degrees. 
For  greater  accuracy,  both  the  wwt  end  dry  bulb  temperatures 
should  be  observed  to  the  nearest  tenth  of  a degree. 

j.  The  regimental  aner.sseter  can  be  electrically  connected  so 
that  the  instantaneous  wind  speed  can  be  obtained.  Knowledge  of 
the  magnitude  of  speed  as  indicated  in  par.  2,  b,  of  tho  referenced 
letter,  is  important  during  high  winds  when  tentage  and  other  equip- 
ment are  endangered.  Only  a simple  series  circuit  connecting  the 
right  binding  post  (on  the  back  of  the  dial)  to  tho  grounding 
binding  pest  on  the  bottom  of  the  support  through  a flashlight 
bulb  and  batteries  is  required.  The  mi-.bor  of  flashes  per  minute 

is  equivalent  to  the  wind  spied  in  rph.  An  on-off  switch  should 
be  introduced  into  the  circuit  to  lengthen  the  battery  life. 

k.  All  weather  personnel  are  reques  od  to  guard  carefully  a- 
gainst  the  breakage  of  thermometers.  These  are  currently  in  very 
short  supply. 

Questions  concerning  problems  arising  on  the  weather  program  are  in- 
vited. Kiiidcst  regards  to  the  sen  or.  yeur  weather  teams. 


it! 


Sincerely, 

Korean  Slssenwine 

ixkia::  sjslk:.;u!:s 

Saptaln  i^AF 
Meteorologist 
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HEADQUARTERS 

• lAth  ikfamtrt  regimeht 
AFO  25 

20  January  1952 


SUBJECT:  Cold  Weather  Observation 

TO:  WHL  Cola  Injury  Teaa 

25th  Evacuation  Hospital 

APO  301,  c/o  Postmaster 

San  Francisco,  California 

Attn:  Capt.  Moroan  Sisserrwine,  USAF 

Received  your  recent  letter  giving  consents  on  recent  inspections 
of  Regimental  Weather  Stations. 

I an  enclosing  a picture  of  the  l’»th  Infantry  station  and  a few 
of  the  major  co.  mints  wliich  I believe  will  assist  other  units  in  op- 
erating and  maintaining  a suitable  weather  station. 

First  of  all,  vro  have  stimulated  interest  in  our  weather  station, 

"The  Lynx  Meteorological  Observation  Station",  by  setting  it  up  in  an 
attractive  riannr.r  and  in  a conspicuous  place.  Secondly,  icy  chief  assist- 
ant, the  intelligence  sergeant  has  teken  a great  interest  in  weather 
stuiy  and  personal  y takes  tha  regimental  readings  during  the  day;  the 
night  assistant,  displaying  great  interest  t.-J<e3  the  required  readings 
during  the  hours  of  darkness.  Thirdly,  va  have  all  units  of  the  Regi- 
r-sr.t  veathor  co-ecious.  We  receive  nu-erous  calls,  see vjtir.es  numbering 
20-25  daily  req  sting  up  to  date  weather  information.  We  have  publicized 
our  station  in  t':.i  Regimental  Kcwtpapir,  consequently  we  receive  calls 
not  cnly  from  our  own  r-.gir.ent,  but  fresi  attached  units,  adjacent  units 
ard  at  ti.".;s  units  on  division  level.  Fourthly,  our  battalions  have 
set  up  individual  stations  and  are  maintaining  elaborate  weather  charts 
showing  weather  ar/i  temperature  since  1 Dec  ember  1951. 

V/e  have  used  the  weather  Inf  omit  ion  gained  for  many  purposes. 

Mainly  ve  have  uued  the  information  for  planning  purposos  - patrols, 
raids,  ambushes,  etc.  I would  like  to  reccrrrer.d  that,  in  the  event  a 
weather  stuiy  is  conducted  in  1952-53,  thermometers  be  furnished  to 
sufficient  quantity  to  all cw  company  weather  run  to  be  appointed  to 
radntair  hourly  vjathor  ch-r.-es  in  each  company  locality.  X believe 
the  additional  coat  would  be  overshadows*!  by  tho  additional  information 
gained  ar/l  the  additional  interest  displayed. 


(s)  David  F.  Byers 

(t)  DAVID  F.  H TERS 
Major,  Infantry 
S-2 
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HEADQUARTERS 
lUh  INFANTRY 
AFO  25 

30  Kareh  1952 

SUBJECT:  Cold  Weather  Observations 


TO:  Captain  Norman  Sissenwine  or  OIC 

Signal  Section,  Attn:  Weather  Unit 
EUSAK  Advance 
AFO  301 


f 1.  In  reference  to  my  conversation  with  yon  during  your  last  visit 

to  our  headquarters,  the  following  list  of  observations  obtained  during 
the  period  1 December  1951  to  data  are  submitted: 

a.  At  a temperature  of  10®,  the  original  diesel  fuel  oil  used 
in  the  tent  stove  M 19 VI,  bqcrrte  slushy*  At  a temperature  of  3®,  the 

' diesel  fuol  oil  become  thick  slush  and  would  not  flow  freely  into  the 

etovo  generator  - therefore  causing  many  malfunctions. 

b.  At  a temperature  of  ~3*»  vehicles  were  extremely  difficult 
to  start,  even  though  they  had  received  a complete  winterisation  check. 
The  12  volt  vehicle  was  considerably  more  difficult  to  start  than  the 

6 volt  vehicle.  It  was  found  that  at  temperatures  of  below  0®,  that  if 
vehicles  were  started  hourly  and  permitted  to  run  for  a five  (5)  minute 
period,  that  no  trouble  in  starting  was  experienced. 

. c.  Kany  vehicles  experienced  brake  trouble  during  temperatures 

of  20®  and  below.  This  was  due  to  the  vehicle  at  tines  being  required 
to  ford  streams  of  varying  depths,  causing  water  to  slosh  over  the  brake 
/ drums  and  wheels.  It  was  found  that  the  freezing  of  brakes  could  many 

S ’ times  bo  eliminated  by  the  driver  depressing  the  brake  pedal  while  the 

j vehicle  continued  in  motion  for  a short  distance. 

j d.  At  one  tine  during  the  month  of  Ooee-.ber  1951  a temperature 

• of  -10®  was  noted  between  recorded  periods.  While  traveling  through  a 

1 deep  defile  on  17  December  1951,  a temperature  of  -25*  was  noted.  The 

J low  temperature  that  date  in  the  Regimental  arta  was  10®,  a difference 

! of  35*.  It  was  also  noted  that  in  this  same  defile,  the  roads  remained 

’ icy  for  a period  of  9 days  after  other  roads  in  more  open  areas  had 

beccDu  clear. 

e.  The  flame  thrower  M2-2,  used  by  our  units,  using  the  napalm 
mixture,  was  effective  at  temperatures  of  -1®. 

) 
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T.  Max in  id.  Law,  and  Kean  temperature*  by  month  were:  I ' 


Maximum 

Law 

Mean 

December 

49* 

-7* 

29* 

January 

43* 

-5* 

12* 

February 

43* 

-6* 

23* 

March 

59* 

9* 

34* 

(a)  David  P.  Bjyera 
(t)  David  p.  ureas 

Major  Inf 
S-2 
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HEADQUARTERS 

EIGHTH  UNITED  STATES  ARMY  KOREA  (EUSAK) 
Office  of  the  Ccetaanding  General 
APO  ?01 


AG  000.91  KSH 


24  February  1952 


SUBJECT:  Change  of  Responsibility  for  Supervision  of  Local  Weather 
Station  Progran 

TO:  See  Distribution 


1.  The  progran  establishing  local  weather  stations  for  the  col- 
lection of  data  to  be  used  by  cold  weather  injury  teans  has  resulted 

in  the  incidental  use  of  this  information  in  planning  and  in  operations 
in  all  echelons  of  th<  • e nsand.  Reports  reaching  this  headquarters 
offer  substantial  reascas  for  continuing  the  pro graft  until  its  fuller 
applications  have  V’-'n  studied  by  higher  authority  and  a decision 
reached  as  to  whether  the  operation  of  this  service  should  be  provided 
for  in  Tables  of  Organization  and  Equipment. 

2.  It  is  therefore  directed  that,  effective  15  March  1952,  the 
Assistant  Chief  of  Staff  G-2  a souse  general  staff  supervision  over  the 
continuance  of  the  weather  station  progran  to  include  responsibility 
for  the  dissemination  of  data  to  interested  units  and  staff  sections. 

3.  Effective  15  March  1952,  the  Signal  Officer,  EUSAK,  is  direct- 
ed to  assume  responsibility  for  the  operational  control  of  the  weather 
station  program  in  Eighth  Army,  to  include  supervision  of  weather 
station  operations,  the  provision  of  the ’necessary  ftcteorological 
equipment,  the  compilation  of  data,  and  the  technical  training  of 
weather  observers. 

4.  Effective  15  March  1952,  all  reserve  stocks  of  meteorological 
equipment  now  in  the  hands  of  cold  weather  injury  teans,  stock  records 
of  equipment  in  the  hands  of  using  troops,  and  «»»«•►  experience  data  as 
has  been  compiled  on  replacement  factors  for  this  equipment  will  be 
turned  over  bv  the  cold  weather  injury  teams  to  the  181st  Signal  Depot 
Coranany  (Arny). 

BY  COMMAND  OF  GENERAL  VAN  FLEET: 


(si  David  J.  Reins 
(t)  DAVID  .1.  FEINA 
Major,  AGC 
Asst  AG 
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COLD  INJURY  RESEARCH  TEAM 
25th  Evacuation  Hosoltal 
APO  301  U.  S.  Army 

9 March  1952 

Regimental  Weather  Officers 
All  US  Regiments  in  Korea 

Gentlemens 

The  transmittal  to  EUSAK  of  daily  maximum  and  minimum  temperature 
and  0600  weather  types  is  working  smoothly  and  proving  of  definite  plan- 
ning and  forecasting  value.  The  increase  in  accuracy  of  forecasted 
minimum  temperature,  has  been  noted"  by  the  30th  Weather  Squadron  fore- 
casters and  the  front  line  installations  receiving  these  forecasts. 

Clarification  Is  required  on  only  one  point.  Frequently  an 
improbable  combination  of  weather  types  is  reported.  For  example,  code 
1 and  5 or  code  1 and  9 have  been  often  noted.  These  indicate  clear  to 
partly  cloudy  skies  with,  in  the  first  case  drizzle,  and  In  the  second, 
snow.  It  is  suspected  that  the  code  number  for  the  surface  type  is  be- 
ing erroneously  added  in  the  morning  message.  Only  the  code  for  weather 
typo  or  types  should  be  included.  The  morning  weather  message  should 
not  include  weather  types  1 or  2 if  one  or  more  of  types  5 through  9 
are  transmitted. 

As  indicated  in  the  article  "Eighth  Army  Keeps  Weather  Info  File*, 
In  the  7 March  1952  Stars  and  Stripes,  a continuation  of  the  weather 
program  is  planned.  Changes  in  the  program  itself,  as  well  as  in  the 
TCC-S  are  anticipated.  Captain  G.  D.  Dean,  Signal  Corps  Meteorologist, 

Is  currently  working  with  r:e  in  preparation  for  tho  transfer  of  this 
responsibility.  You  vdll  be  notified  of  changes  as  soon  as  possible. 

In  the  ncan  time  you  are  urged  to  give  thought  and  forward  suggestions 
on  the  amplification  of  the  program  required  in  order  to  increase  its 
value  at  regimental  level.  Such  factors  as  river  flood  stage  warnings, 
local  trafflcability  forecasts,  end  tolerance  tine  on  ambush  patrols 
(in  cold  weather)  are  being  considered. 

The  past  winters  program  has  traversed  a very  rough  Korean  type 
road.  Rotation  of  key  personnel,  instrument  breakage  with  consequent 
supply  problems,  and  lack  of  sufficient  and  trained  personnel  on  both 
yours  and  our  end  of  the  program  were  some  of  the  major  bumps.  However, 
chiefly  due  to  your  offorts,  the  program  hae  proven  a huge  success. 
Please  continue  tho  good  work. 

Jfy  kindest  regards  and  thanks  to  the  men  assisting  on  the  program. 

Slncorely, 

(s)  Sor-an  Sissenwine 

(t)  KCPMAN  SISSENWINE 
Captain  USAF 
Meteorologist 
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HONTHtT  AVERAGES  OF  £<*V  IEOMHUfTAt  DATA  FOR 

each  united  states  infantry  RsemmT 
KOREA,  1951-52 
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MONTHLY  ENVIRONMENTAL  AVERAGES 
FOR  EACH  U.S.  REGIMENT 


Days 

Lcwest 

Ave.  Min. 

Kean 

Ave.  Max. 

Highest 

Are rage 

REGIMENT 

Avail. 

Temp. 

Temp. 

Teao. 

Temp. 

Temp. 

Wind  Chill 

(No.) 

(*F) 

(*F) 

(*f) 

(*f) 

(*F) 

(X  c«l/M2/hr) 

(novimher) 


1st  Karines 

0 

• 

• 

- 

- 

5th  Karines 

0 

- 

• 

- 

• 

7th  Marines 

2 

id 

21.0 

30.0 

39.0 

39 

• 

9th  Infantry 

0 

- 

• 

- 

- 

- 

- 

23rd  Infantry 

0 

- 

- 

• 

- 

- 

- 

38th  Infantry 

0 

- 

- 

- 

- 

- 

7th  Infantry 

0 

- 

- 

- 

- 

- 

- 

15th  Infantry 

0 

- 

- 

- 

- 

- 

- 

65th  Infantry 

3 

21 

26.3 

30.3 

34.3 

40 

M* 

17th  Infantry 

3 

12 

17.7 

25.7 

33-7 

40 

700 

31st  Infantry 

13 

7 

23.d 

33-0 

42.3 

57 

629 

32nd  Infantry 

14 

7 

21.4 

32.5 

43*6 

59 

639 

5th  Infantry 

5 

12 

15.2 

23.6 

31.6 

40 

M 

19th  Infantry 

4 

12 

16.7 

26.2 

35.7 

42 

638 

21st  Infantry 

3 

7 

10.6 

21.0 

31.3 

38 

733 

14th  Infantry 

0 

- 

- 

- 

- 

- 

* 

27th  Infantry 

n 

9 

25.2 

31.8 

38.5 

60 

737 

35th  Infantry 

9 

10 

20.8 

28.0 

35.2 

55 

784 

160th  Infantry 

0 

- 

• 

- 

- 

- 

- 

223rd  Infantry 

0 

- 

- 

• 

- 

• 

- 

224th  Infantry 

0 

- 

- 

- 

- 

- 

179th  Infantry 

0 

- 

- 

- 

- 

- 

- 

180th  jtfantry 

0 

- 

- 

- . 

- 

- 

- 

27?th  Infantry 

0 

- 

- 

- 

- 

- 

- 

(DECEMBER) 


1st  Karines 

31 

-11 

21.0 

29.5 

38.0 

54 

665 

5th  Marines 

31 

-1 

20.4 

28.5 

36.6 

52 

693 

7th  Karines 

27 

-3 

21.5 

29.4 

37.3 

53 

694 

9th  Infantry 

23 

1 

21.2 

28.8 

36.5 

46 

630 

23rd  Infantry 

26 

-7 

17.1 

27.3 

37.5 

59 

642 

33th  Infantry 

3 

17 

19.0 

31.3 

43.6 

45 

605 

7th  Infantry 

23 

2 

22.3 

30.8 

39.2 

49 

556 

15th  Infantry 

15 

10 

25.5 

31.2 

36.8 

47 

627 

65th  Infantry 

15 

3 

20.3 

24.6 

29.0 

40 

H 

17th  Infantry 

31 

-16 

18.6 

26.2 

33.8 

49 

700 

31st  L .Gantry 

29 

0 

21.1 

30.0 

38.9 

50 

623 

32nd  Infantry 

31 

0 

20.0 

28.6 

37.1 

51 

643 

5th  Infantry 

29 

-8 

18.3 

27.7 

37.1 

49 

667 

19th  Infantry 

31 

-8 

19-5 

23.2 

36.9 

53 

616 

21st  Inf.-ntry 

30 

-16 

15.5 

26.0 

36.5 

47 

699 

14th  Infantry 

31 

-7 

18.7 

29.0 

38.8 

49 

653 

27th  Infantry 

18 

10 

25.9 

31.5 

37.1 

34 

729 

* M - Data  Kissing. 
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Days 

Lowest 

Ave.  Kin. 

Kean 

Ave.  Max. 

Hipest 

Averaf 

REGIMENT 

Avail. 

Tenp. 

Tenp. 

Teen. 

Tenp. 

Teap. 

Hind  Cl 

(No.) 

(*F) 

(*F) 

(•f) 

(*F) 

(•r) 

(K  caiy 

(FEBRUARY) 

31st  Infantry 

26 

-3 

12.6 

22.6 

32.5 

46 

729 

32nd  Infantry 

25 

-3 

11.4 

21.0 

30.6 

45 

766 

5th  Infantry 

9 

-5 

4.6 

14.1 

23.6 

36 

847 

1? th  Infantry 

0 

- 

— * 

- 

- 

- 

- 

21st  Infantry 

0 

- 

- 

- 

- 

- 

- 

14th  Infantry 

23 

-6 

13.9 

23-9 

33.9 

48 

707 

27th  Infantry 

0 

- 

- 

- 

- 

- 

- 

35th  Infantry 

23 

-2 

15.3 

24.0 

32.6 

46 

764 

160th  Infantry 

29 

-9 

U.? 

21.6 

32.1 

48 

716 

223rd  Infantry 

26 

-10 

10.9  • 

21.6 

31.9 

42 

748 

224th  Infantry 

14 

4 

18.0 

26.2 

34.4 

42 

717 

179th  Infantry 

27 

-4 

12.2 

22.8 

33.4 

47 

701 

160th  Infantry 

29 

-6 

12.0 

23.0 

33.9 

45 

715 

279th  Infantry 

29 

-5 

12.3 

22.8 

33-6 

48 

680 

(MARCH) 

1st  Marines 

23 

10 

24.5 

36.4 

48.3 

66 

657 

5th  Marinas 

25 

9 

23.1 

35.0 

47.0 

67 

644 

7th  Karines 

20 

5 

24.1 

34.5 

4--.9 

66 

718 

9th  Infantry 

31 

11 

25.4 

35.6 

45.4 

60 

749 

23rd  Infantry 

31 

8 

24.6 

35-6 

46.6 

63  ' 

646 

33th  Infantry 

31 

12 

26.5 

37.2 

48.0 

61 

563 

7th  Infantry 

30 

20 

29.9 

35.0 

46.0 

63 

567 

15th  Infantry 

30 

12 

26.8 

31.7 

50.6 

68 

499 

65th  Infantry 

31 

14 

27.0 

39-7 

46.4 

60 

572 

17th  Infantry 

31 

11 

25.4 

40.4 

55.4 

68 

534 

31st  Infantry 

29 

13 

27.7 

3S.0 

49.2 

63 

584 

32nd  Infantry 

31 

13 

26.3 

37.4 

43.5 

63 

578 

5th  Infantry 

0 

- 

- 

- 

- 

- 

- 

19th  Infantry 

0 

- 

- 

- 

- 

- 

- 

21st  Infantry 

0 

- 

- 

- 

- 

- 

— 

14th  Infantry 

30 

9 

24.4 

34.2 

43.9 

59 

594 

27th  Infantry 

10 

25 

31.2 

41.5 

50.9 

61 

533 

35th  Infantry 

28 

8 

20.3 

27.3 

34.3 

45 

904 

160th  Infantry 

23 

12 

26.6 

35.9 

45.2 

57 

589 

223rd  Infantry 

21 

2 

20.6 

32.1 

43.6 

56 

656 

224th  Infantry 

29 

8 

25.4 

35.3 

45.1 

55 

630 

179th  Infantry 

30 

8 

24.6 

30.0 

35.4 

60 

610 

130th  Infantry 

29 

9 

25.4 

36.1 

46.8 

64 

623 

279th  Infantry 

30 

6 

25.6 

36.8 

48.0 

68 

600 

nESTHICTEO 


RESTRICTED 


APPENDIX  I»  l ... 


MONTHLY  DATA  F03  HAPPING  temperature 
DISrHIBUTION  IN  COMBAT  ZONE 
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Station  No. 

Location* 

Elevation  (Meters) 

1 

CS  313983 

80 

1 

2 

CT  340139 

80 

3 

CT  237160 

40 

4 

CT  269239  • 

80 

5 

CT  318292 

120 

6 

CT  30029b 

185 

* 7 

CT  32330? 

120 

8 

CT  508344 

220 

ft 

9 

CT  583344 

220 

• _ 

10 

CT  630365. 

200 

11 

CT  666395 

604 

/ .*•  . \ 

12 

CT  780451 

260 

13 

CT  839456 

235 

14 

CT  880428 

24 0 

15 

CT  855166 

100 

ti  - • 

16 

or  123359 

350 

I 

17 

or  161329 

386 

18 

or  201386 

1181 

19 

or  250370 

400 

v v*; 

20 

or  307413 

480 

21 

or  313405 

460 

'*  -*.*• 

22 

or  301206 

340 

* ■.* 

23 

cs  725927 

100 

AWS  Stations 

Uljongbu 

CS  2878 

40 

Ch unchon 

CS  0892 

85 

**  *"»  • 

Kwandae-Rl 

or  2106 

170 

Seoul 

cs  215a 

30 

» 

Knngnung 

OS  9078 

20 

* 1000  Meter  Universal  Transverse  Mercator  Grid. 
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moothlt  data  used  in  mapping  distribution 

OP  TEMPERATURE  IN  COMSAT  ZONE» 
DPCSHSSt 


Station  Mo. 

1 

2 

3 

4 

5 

6 
7 
a 
9 

10 

11 

12 

13 

14 

15 

16 
17 
IS 

19 

20 
21 
22 
23 


Min. 

Ave.  Min. 

Mean 

Ave.  Max 

_ 

- 

- 

2 

2 2.3 

30.8 

39.2 

- 

- 

• 

— 

- 

- 

— 

-7 

18.7 

28.8 

38.8 

— 

- 

* 

-16 

15.5 

26.0 

38.5 

18.3 

27.6 

37.1 

-8 

19.5 

27.9 

36-9 

- 

— 

0 

70.0 

28.3 

37.1 

-16 

18.6 

26.3 

33.4 

-14 

20.4 

23.4 

36.6 

-11 

19.4  . 

28.2 

37.1 

-3 

22.9 

30.6 

38.4 

- 

- 

*• 

X.  Max. 


49 


46 


47 

49 

53 


51 

49 

52 
54 

53 


< 


AWS  Stations 


Uijongba  5 
Qiunehon  5 
Kvandae-Bi  3 
Seoul  12 
Kangnung  20 


23*9 

23.5 

23.3 

26 

32 


32.5 

33.1 

32.4 

34.5 

40.5 


41.1 

42.8 

41.6 

43 

49 


49 

56 

55 

55 

64 


.Data  used  only  when  location  was  occupied  on  at  least  S5*  of  the  days 
of  the  Bonth. 
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MONTHLY  DATA  USED  IK  hAPPEJC  DISTRIBUTION 


OF  TEMPERATURE  IN 

CCHEAT  ZCKZ* 

JANUARY 

Station  Ho. 

X.  Kin 

Ave.  Kin. 

Kean 

Ave.  Max. 

X Max. 

1 

- 

- 

• _ 

2 

- 

- 

— 

3 

4 ' 

14.5 

23.6 

32.5 

41 

4 

-8 

16.8 

22.2 

28.0 

40 

5 

— 

- 

_ 

. _ 

6 

0 

14.1 

22.8 

31.2 

43 

7 

-7 

8.7 

19.0 

29-3 

39 

8 

-6 

13.4 

22.4 

31.4 

40 

9 

-5 

7.7 

19.4 

31.2 

43 

10 

-10 

5-7 

18.8 

31.9 

42 

11 

-2 

10.9 

19.5 

28.6 

40 

12 

-10 

7.9 

19-0 

30.2 

42 

13 

-3 

10.0 

19-8 

29.1 

37 

14 

-5 

8.9 

20.5 

32.1 

40 

15 

-1 

12.1 

22.8 

33.0 

41 

16 

-2 

12.5 

21.7 

30.9 

44 

17 

0 

12.9 

22.4 

29-9 

38 

18 

— 

«■> 

19 

- 

— 

— 

20 

-4 

9-4 

r).o 

30.6 

46 

21 

-7 

9.2 

20.2 

31.3 

42 

22 

— 

— 

*• 

• 

23 

- 

- 

- 

— 

• 

A-'S  Stations 
Uijongbu 

1 

17-0 

25.3 

33.6 

43 

Ch  unchon 

0 

15.6 

25.2 

34.8 

43 

Kwandae  Hi 

3 

15-9 

25.1 

34.4 

44 

Seoul 

5 

18 

26 

34 

44 

Kangnung 

10 

26 

32.5 

39 

50 

i 


♦Data  used  only  when  location  was  occupied  on  at  least  85?  of  the  days 
of  the  month.  (Exceptions  noted  on  January  map) 
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KONmr  DATA  USED  IN  HAPPING  DISTRIBUTION 
OF  TEMPERATURE  IN  OOHBAT  ZONE* 

FEBRUARY 


AWS  STATIONS 
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Stunt/  Mmutat 


Station  No. 

X Min. 

Ave.  Kin. 

Mean 

Ave.  Max. 

X Max, 

1 

-3 

14.9 

. 23.9 

32.7 

49 

2 

3 

-5 

11.0 

23-3 

36.7 

46 

k 

m 

— 

• 

5 

-4 

12.0 

22.8 

33.9 

45 

6 

— 

— 

— 

7 

-5 

12.0 

22.9 

33.8 

48 

8 

-4 

13.2 

22.8 

32.1 

43 

9 

~k 

12.0 

22.3 

32.5 

43 

10 

— 

- 

■ - 

- 

11 

-5 

12.6 

21.6 

30.5 

47 

12 

-10 

10.9 

21.4 

31.9 

42 

13 

-5 

12.8 

21.5 

30.2 

42 

lk 

-9 

11.2 

21.6 

32.1 

48 

15 

-2 

15.4 

25.4 

35.4 

46 

16 

-2 

15.4 

24.6 

33-9 

47 

17 

- 

- 

- 

- 

- 

18 

- 

- 

- 

- 

- 

19 

* 

- 

- 

- 

- 

20 

-2 

11.9 

21.1 

30.4 

39 

21 

-5 

10.8 

21.4 

31.9 

42 

22 

-3 

14.3 

23.6 

32.9 

46 

23 

- 

- 

- 

- 

- 

Uijongbu 

0 

15 

24.5 

34 

47 

Ch unchon 

0 

16 

26.0 

36 

46 

Ewandae  R1 

0 

16.1 

24.8 

33-6 

44 

Seoul 

3 

17 

25.5 

34 

46 

h-angming 

12 

23 

29-5 

36 

46 

•Data  used  only  when  location  was  occupied  on  at  least  85t  of  the  days 
of  the  month.  ' 
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MONTHLY  DATA  USED  IN  HAPPING  DISTRIBUTION 
OF  TOIPERATURE  IN  COMBAT  ZONE* 


RESTRICTED 

fcurtj  wmut>M 


1 

‘ * ■ 


Station  No. 


X Min. 

Ave.  Min. 

He  an 

Ave.  Max. 

X Max 

14 

27.0 

38.1 

46.4 

58 

9 

24.8 

35.9 

47.0 

68 

12 

26.8 

39.2 

50.6 

68 

9. 

24.7 

35.8 

47.0 

68 

8 

24.6 

35.3 

46.0 

60 

12 

26.5 

37.1 

48.0 

61 

8 

24.6 

35-5 

46.6 

63 

8 

25.4 

35.7 

45.6 

60 

8 

25.4 

35.2 

45.1 

«f\ 
1 VN 

11 

25.4 

40.4 

55.4 

68 

9 

24.4 

34.1 

43.9 

59 

8 

20.3 

27.3 

34.3 

38 

13 

26.3 

37.8 

48.5 

63 

AWS  Stations 


Uijcngbu 

14 

27.7 

38.6 

49.6 

63 

Ch unchon 

14 

29 

39.5 

50 

65 

Kwandae-Rl 

12 

29.1 

37.6 

46.1 

60 

Seoul 

18 

30 

38.5 

47 

65 

Kangnung 

17 

33 

39.5 

46 

65 

* Data  used  only  when  location  was  occupied  on  at  least  85^  of  the 
days  of  the  month. 


RESTATED 

SKvrfy  Iff  »•»('«• 


ARMY  MEDICAL  RESEARCH  LABORATORY 


FORT  KNOX. KENTUCKY 


REPORT  NO.  113 
1 April  1953 


COLD  INJURY  - KOREA  1951-52* 


. . Section  II 

AN  EVALUATION  OF  THE  SUPPLY.  UTILIZATION  AND 
ADEQUACIES  OF  WINTER  CLOTHING  FOR  THE  UNITED  STATES 
ARMY  IN  KOREA.  1951-52 


"Subtaok  under  Environmental  Physiology,  AMRL  Project  No.  6-64-12- 
023,  Subtask  (SK),  Cold  Injury  Studies. 


: rj.zrK  TnrzzX  1 1 /rtxi zr 


T.azr&iss rmrracrnrj  sBjvicrwtizogic  '-caagy aitassnraBk  ^tc>  .^sr 


MEDICAL  RESEARCH  AND  DEVELOPMENT  BOARD 
OFFICE  OF  THE  SURGEON  GENERAL 
DEPARTMENT  OF  THE  ARMY 


RESTRICTED 


section  n 


AS  EVALUATION  OF  THE  SUPPLY,  UTILIZATION  AND 
ADEQUACIES  OF  WINTER  CLOTHING  FOR  THE 
UNITED  STATES  ARMY  IN  KOREA,  1951-52 


Donald  G.  Ric« 
Capt.,  QMC,  AUS 


RESTHICTED 

S*«i*rr  taJp  Aitm 


-**  V -3 

f 

: t i 


RESTRICTED 

kMtKrata 


TABLE  OF  CONTESTS 


I.  Introduction 
II.  Supply  Methods 

HI.  Adequacy  of  the  Vinter  Caabat  Unifora 

IV.  Wet-Cold  Training 

V.  Conclusions 

VI.  Rceersssndotions 

VII.  Appendix  I 

Winter  Clothing  Allcv-mce,  Issue  and  Turn- in 
Instructions,  Korea,  1951-52 


i^OluiultO 
Ir.p  tj  I'lxaufa 


RESTRICTED 

Start)  WniM 

AN  EVALUATION  OF  THE  SUPPLY,  UTILIZATION  AND  ADEQUACIES 
OF  WINTER  Cl  OWING  FOR  THE  UNITED  STATES  AHflY  IN 
KOREA,  1951-52 

I.  INTRODUCTION 

A basic  approach  to  the  prevention  of  cold  injuries  is  through 
the  issue  of  adequate  cold  weather  clothing  and  equipnent,  indoctri- 
nation of  troops  in  their  proper  Uses  and  institution  of  energetic 
eorcand  action  at  all  levels  to  insure  the  application  of  these  nec- 
essary prophylactic  measures. 

Cold  injuries  frequently  occur  when  inadequate  clothing  fails 
to  provide  sufficient  body  insulation.  All  clothing,  including  boot- 
gear,  rust  be  considered,  since  heat  losses  from  ariy  part  of  the  body- 
affect  the  total  organise.  Inadequate  handwear,  footwear  or  body 
clothing  may  perr.it.  a lowering  of  body  tmperatures  in  extremely  cold 
environments.  In  addition  adequate  protection  frets  wetness  nust  be 
provided.  Wet  clothing  also  facilitates  a loss  of  body  heat.  Further 
care  r.ust  be  exercised  to  insure  that  the  clothing  is  properly  fitted 
to  the  individual  to  avoid  any  interferes  with  the  normal  circula- 
tion of  blood  resulting  from  constrictive  combinations.  Tight  cloth- 
ing, especially  bootgear,  should  never  be  worn  under  wet-cold  or  dry- 
cold  conditions  such  as  are  prevalent  In  Korea.  The  term  "wet-cold" 
refers  to  mean  monthly  temperatures  ranging  freo  -*14*  to  63*  F.  while 
the  tern  "dry-cold"  refers  to  mean  monthly  temperatures  below  *14*  F. 

In  general  the  un’fora  worn  by  United  States  troops  in  Korea 
during  the  winter  of  1951-52  operating  in  the  forward  areas  consisted 
of  the  following  itnas: 


RESTf.lCTEO 


143 


Headgear 


Cap,  field,  pile  or  Cap,  field,  cotton 


RESTRICTED 

itunti  Minute, 


Hood,  Jacket,  field,  H-19Z.3 


Undershirt,  wool,  50%  cotton,  50%  wool,  or  Undershirt, 
winter,  1950 

Shirt,  flannel,  olive  drab,  stand-up  collar 
Sweater,  high-neck,  100%  wool 
Jacket,  field,  pile,  olive  drab 

Jacket,  field,  H-1943  (this  Jacket  is  water-repellent  and 
wind-resistant) 


u \ 


Drawers,  wool,  50!?  cotton,  50%  wool,  or  Drawers,  winter, 
M-1950 

Trousers,  field,  wool  serge,  olive  drab  Ko.  33,  18  o*. 
Trousers,  field,  cotton  OD,  or  Trousers,  field,  cotton,  H-51, 
(both  type  trousers  are  water-repellent  and  wind-resistant) 
Handwcar 

Kittens,  shell,  trigger  finger 
Kittens,  inserts,  trigger  finger 
Gloves,  shell,  leather 
Gloves,  inserts,  wool 
Bootgear 

Boots,  combat,  leather,  russet  or  two  buckle  type 
Shoepacs,  K-19U>,  worn  with  2 pr.  socks,  wool,  ski,  and  1 pr. 
insoles,  felt 

Boots,  ccrh'it,  rubber,  insulated,  wom  with  1 pr.  wool  cush- 
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lea  sole  socks 
Itens 

Parka,  shell,  cotton,  M-194B  (water-repellent  and  vind- 
resistant) 

Parka,  liner,  pile,  M-1%8 
Overcoat,  or  Parka-type  v/pile  liner 
Wool  scarf 

In  general  the  unifora  worn  by  United  States  troops  operating  in 
the  rear  areas  in  Korea  during  the  winter  of  1951-52  consisted  of  the 

follow!. lg  iteESI 
Headgear 

Cap,  filed,  cotton 
Hoad,  Jacket,  field,  M-19J.3 


Undershirt,  wool,  5#  cotton,  50*  wool.  °r  Undershirt, 
winter,  M-1950 

Shirt,  flannel,  olive  drab,  stand-up  collar 
sweater,  high-neck  (100?  wool) 

Vest,  alpaca,,  lined 

Jacket,  field,  M-19U3  (this  jacket  is  water-repellent  and 
wind-resistant) 


Drawers,  wool,  5°?  cotton,  50?  wool,  or  Drawers,  winter, 
K-1950 

Trousers,  field,  wnol  serge,  olive  drab  So.  33,  18  oz. 
Trousers,  field,  cotton,  cr  Trousers,  field,  cotton,  M-51 
(both  type  trousers  are  water-repellent  and  wLnd-resis- 


RESTHJCTEO 

uv<ui  m 


vlvlwv vIvCvLw' £vlv  - ■/I-.'lv'  lullvV.'l-  Tlcr-I'Tv'l: 


Ir 


a 


■A 


■A 


I 


J 


' i 

I 

I 


i 

i 

S 


RESTRICTED 

la^MuMa 

Bandwear 

doves,  shell,  leather 
doves,  inserts,  wool  (1005  moo!) 

* 

Bootgear 

Boots,  combat,  russet  or  boots,  ccohat,  composition  sole 
2-buckle  type  worn  with  1 pr«  cushion  sole  socks  and 
overshoe,  arctic  (this  type  bootgear  was  issued  to  all 
combat  troops  not  Issued  shoepacs) 

Additional  Items 

Overcoat-,  field,  OD  7,  with  wool  liner 
Vool  scarf 
II-  sasror 

Supplying  a field  Army  with  the  proper  winter  clothing  and  equip- 
ment creates  a logistical  problem  to  insure  that  the  riflemen,  artillery- 
men, tank  crewmen  and  even  the  clerks,  cooks  and  truck  drivers  have  the 
proper  winter  clothing  and  equipment  in  time  to  protect  them  against 
inclement  weather. 

To  make  certain  that  all  troops  operating  in  Korea  during  the 
winter  1951-52  were  properly  clothed  for  the  environmental  conditions 
they  might  encounter,  a directive  frem  the  Eighth  Army  Quartermaster 
dated  9 August  1951,  Subject:  "Winter  Clothing  Allowance"  was  sent  to 
all  casrands.  This  directive  covered  supply  control,  definition  of  troop 
classes,  phases  of  issue  of  clothing  and  equipment,  requisitioning  pro- 
cedures and  the  "turn- in"  of  suraer  clothing  and  equipment.  In  addi- 
tion it  served  as  the  guide  for  all  units  for  the  requisitioning  and 
issue  of  winter  gear  (Appendix  I).  The  dates  of  issue  established  in 
this  directive  were  not  only  compiled  with  but,  in  many  instances,  cloth- 
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ing  was  in  the  troops  possession  earlier  than  prescribed* 


The  actual  s.  pply  status  of  the  required  clothing  items  included 
in  Phase  I,  II  and  III  (see  Appendix  I)  as  of  31  October  1951  is  indi- 
cated in  Tables  1,  2 and  3 where  the  percentage  of  completeness  values 
are  tabulated,  ‘niese  data  present  evidence  that  nearly  all  United  States 
divisions  were  completely  equipped  with  winter  clothing  and  accessory 
gear  approximately  four  weeks  prior  to  the  onset  of  cold  injuries.  By 
31  November  1951  these  units  had  completed  their  initial  requisitioned 
requirements.  Assuring  that  these  items  were  properly  issued  to  the 
troops  of  the  lower  echelons  by  this  date  the  sien  were  prepared  cloth- 
ing-wise for  the  anticipated  inclement  weather.  Certain  units  which  sus- 
tained a considerable  number  of  cold  Injuries  during  the  last  few  days  of 
November  1951  did  have  the  proper  winter  clothing  and  equipsor.c  available, 
including  the  bootgear,  but  a failure  to  anticipate  adverse  weather  con- 
ditions, coupled  with  serious  tactical  developments,  kept  the  equipment 
from  being  issued. 

The  equipping  of  the  troops  with  r.ew  boots  designated  _s  "Boots, 
combat,  rubber  insulated",  was  not  included  in  the  Phase  I,  II  or  III 
issues  as  this  item  did  not  arrive  in  Korea  until  after  31  October  1951. 
Table  U shows  the  dates  of  issue  of  this  new  bootgear  ar.d  the  total  num- 
ber issued  per  division. 

HI.  AD'iCl'ACY  0?  TVS  KINTHTi  C0I2AT  UtflFOrj! 

The  uniform  issued  to  troops  in  Korea  during  the  winter  of  1951-52 
was  a "limited-standard"  uniform.  It  now  has  been  replaced  by  a new  wet- 
cold  ensemble.  However,  this  new  uniform  had  not  been  produced  in  suffi- 
cient quantities  to  r.okc  it  available  for  the  winter  of  1951-52.  The  in- 
sulation provided  by  both  the  "limited-standard"  and  the  "standard"  wet- 
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TABU  1 

PEBCHITAGE  COMPLETENESS  OF  ISSUE  BT  DIVISIONS 
FOB  PHASE  I CLOTHING  ITHKS  AS  OF  31  OCTOBBl  1951 


Itea  * 

mrvm 

IB 

ESB9 

H 

>71 

IpIEh 

ESS 

ESI 

IM 

ft  2a 

EBB 

§g 

25th 

Inf. 

Div. 

Total 

Div. 

Cap,  field,  cotton, 
OD  v/viror 

100 

R 

■ 

Hi 

m 

100 

94 

Jacket,  field, 
M-1943 

100 

100 

& 

100 

99 

100 

9 

93 

Gloves,  shell, 
leather.  M-A9 

100 

119 

m 

m 

100 

n 

too 

86 

Gloves,  insert, 
weal.  K-t9 

100 

Ifl 

H 

m 

100 

m 

Bl 

— 92  . 

Seeks,  vool, 
cushion  sole 

so 

Bl 

None 

Hone 

Bl 

m 

19 

Undershirt,  50^ 
■axil . c.OZ  etn. 

H 

m 

88 

100 

100 

88 

100 

94 

Gas,  duffle  or  tag 
clo.  waterproof 

100 

IS 

m 

Bl 

ICO 

100 

?6 

llanket,  wool.  CD 

None 

m 

100 

ICO 

Bl 

100 

87 

Pads, sleeping. 
Inf",' table 

To  be  issued  approxinately 
15  Decrcbor  1551 

Total 

96 

89 

s 4 

97 

97 

92 

98 

93 

•Obtained  frm  requisition  data  - Quartermaster  EUSAK 
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TABLE  3 

PERCENTAGE  COMPLETE! ESS  OF  ISSUE  BT  DIVISIONS 
FOR  PHASE  III  CLOTHING  ITEMS  A3  OF  31  OCTOBER  1951 
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Cap,  field,  pile 
Insole,  felt, 
blocker  tvoe 
Jacket,  field, 
pile  OP 

Ovarcoat,  field, 

OP-7  

Parke  shell  and 
liner  pile 
Overshoes, 
arctic 

Shoepacs.  H-1944 

Socks,  vool.  ski 

Vest,  alc-aca  lined 
Bo. s,  sleeping, 

corn  tain 

Hag,  sleeping, 

vool . ; 

Case,  vator- 
reoellnnt 


1st 

Marine 

Div. 

1st 

Cav. 

Div. 

2nd 

Inf. 

Div. 

3rd 

Inf. 

Div. 

7th 

Inf. 

Div. 

24th 

Inf. 

Div. 

25th 

Inf. 

Div. 

97 

92 

82 

99 

ICO 

80 

100 

0 

16 

0 

96 

0 

96 

°0 

79 

V6 

9? 

100 

94 

86 

100 

96 

None 

ICO 

None 

93 

0 

None 

Hone  100 
92  99- 


100  1 100  I 0 I Hone] 


S3  1 85  ! 75 

99  100 

_24_ 

98  91 

Hone  None 

100 

Hone  Hone 

ICO 

Hone  29 

100  97 

100 

87  100 

32 

100  95  1 

None  0 

100 

0 ICO 

100 

45  49 

.99 20 

53 

ICO  ICO 

ICO 

100  98  ! 

Muffler.  >xol  OD 

100 

100 

67 

100 

9? 

92 

100 

94 

Kitten,  shell, 
trierrer-firvrer 

100 

63 

90 

100 

83 

62 

100 

.86 

iiitten  insert, 
tr  i ecer-f  irj'er 

100 

90 

49 

9? 

100 

94 

100 

90 

Total 

93 

S3 

89 

96 

93 

91 

94 

91 

1»TE:  The  45th  and  40th  Infantry  Divisions  were  sent  to  Korea 

frera  Japan  and  received  ail  Phase  I,  II,  and  III  items 
prior  to  departure. 

^Obtained  fren  requisition  data  - Quartermaster  EUSAK 
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TABLE  4 

DATES  OF  CO-TLOTOH  OF  ISSUE 
0?  THE  BOOT,  COiOAT,  RUBBER,  UJSULATED* 


2nd  Inf.  Division  ................................  Div.  Total  6,000  pr. 

• 9th  Inf.  iiegt 21,  22  and  23  Dec.  1951 

23rd  Inf.  Regt 25  Dec.  51  thru  5 Jan.  1952 

38th  Inf.  Regt 2 Jan.  1952 

7th  Inf.  Division  ................................  Div.  Total  6,000  pr. 

17th  Inf.  Regt 30  Dec.  1951 

31st  Inf.  Rcgt 30  Dee.  1951 

32nd  Inf.  Hegt 28  Dee.  1951 

3rd  Inf.  Division  Div.  Total  6,000  pr. 

7th  Inf.  Rcgt 11  Jan.  1952 

15th  Inf.  Eegt  12,  13  and  14  Jan.  1952 

65th  Inf.  Rcgt 19,  20  and  21  Jan.  1952 

25th  Inf.  Division  ...............................  Div.  Total  6,000  pr. 

14th  r.CT 30  and  31  Jan.  1952 

27th  Inf.  Regt 20  Feb.  1952 

35th  Inf.  Rcgt.  except  3rd  Bn  ..........  8 Feb.  1952 

35th  Inf.  Rcgt.  3rd  Bn 20  Feb.  1952 

40th  Inf.  Division Div.  Total  6,000  pr. 

l60t:»  Inf.  negt  ..........................  5 Feb.  1952 

223rd  Inf.  Rcgt 6 Feb.  1952 

224th  Inf.  Regt 5 Feb.  1952  * 

45th  Inf.  Division Div.  Total  6,000  pr. 

179th  Inf.  Regt  7,  8 and  9 Feb.  1952 

180th  Inf.  Rcgt 29  and  30  Jan.  1952 

279th  Inf.  Regt 1,  2 and  3 Jan.  1952 


Kote:  1.  All  above  Divisions  were  issued  1,000  additional  pairs  of 

the  boots,  car. bat,  rubber,  insulated  between  23  and  25  Feb. 
1952,  caking  a total  of  7,000  pair  per  Division. 

2.  The  1st  Farino  Division  had  sufficient  stocks  on  hand  to 
issue  the  insulated  boot  to  all  craters  of  the  Division. 

A Karine  indoctrination  tean  liad  completed  issue  and  train- 
ing of  troop3  in  the  use  and  principles  of  this  new  type 
footgear  during  the  nonth  of  October  1951. 

* Obtained  fren  requisition  and  issue  data  - Quartermaster  EU5AJC 
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cold  uniform  Is  basically  the  same.  The  new  "standard"  wet-cold  uni- 
form, through  the  use  of  four  top  body  layers,  provides  as  much  insula- 
tion as  the  "limited-standard"  with  five  top  body  layers  and  permits 
more  efficient  ventilation  for  the  prevention  of  overheating. 

The  following  are  selected  comments  regarding  various  items  of 
♦he  "limited-standard"  wet-cold  ensemble  issued  during  the  winter  of 


1951-52: 


Undershirt,  wool,  5<Zf  cotton.  50%  wool 
This  undershirt  was  unsatisfactory  because  its  design  caused 
binding  at  the  armpit.  It  was  also  difficult  to  put  on  and 
take  off.  Its  snug  fit  prevented  proper  ventilation. 

Shirt,  flannel.  00 

This  shirt  provided  an  excellent  layer  of  insulation  and  was 
capable  of  easy  ventilation. 

Sweater,  high-neck 

This  sweater  was  difficult  to  put  on  and  take  o'"  because  it 
was  a slip-over  type.  It  also  did  not  allow  proper  ventila- 
tion. Kany  sweaters  Issued  during  the  winter  of  1951-52  had 
been  renovated  frera  the  existing  stock  of  the  previous  win- 
ter. Shrinkage  caused  by  cleaning  reduced  the  insulating 
value  of  the  underlayers. 

Jacket,  field  pile,  OP 

One  of  the  main  disadvantages  of  this  item  was  it  could  not 
be  worn  as  an  outer  garment  since  the  material  used  was 
neither  wind-rssistant  nor  water-repellent.  It  also  had  a 
tendency  to  creep  ar.d  binding  resulted. 

Jacket,  field.  H-1%1 
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This  jacket  permitted  hotter  ventilation  and  allowed  freedom 
of  body  movement.  It  was  easy  to  put- on  and  take  off.  It 
had  adequate  pocket  spaces  and  it  was  water-repellent  and 
wind-resistar.t.  This  made  the  iten  itrj  versatile.  Kany 
troops  stressed  a desire  for  a ripper  closure  and  a draw- 
string  at  the  bottaa  as  well  as  at  the  middle  of  tho  jacket. 
Drawers,  wool.  50%  cotton.  50#  wool 

These  drawers  were  difficult  to  put  on  and  take  off.  Their 
snug  fit  prohibited  proper  ventilation. 

Trousers,  field,  wool,  OP 

These  trousers  allowed  freedom  of  body  movement.  They  were 
easy  to  put  on  and  take  off  and  provided  a satisfactory  inner 
layer  of  insulation.  Kany  troops  desired  a.  sippered  instead 
of  buttoned  fly. 

Trousers,  field,  cotton 

These  trousers  allowed  freedom  of  body  movement  except  when 
kneeling  or  squatting.  They  tended  to  bind  at  the  knees 
and  scat.  They  were  easy  to  put  on  and  take  orf.  Kany  of- 
the-  troops  expressed  the  desire  for  additional  pocket  space, 
such  as  cargo  pockets  on  the  legs  of  the  trousers,  and  also 
a zipper  fly. 

Bool,  jacket,  field.  H-19M 

This  hood  protected  the  neck  and  head  free  wind  and  rain. 

Hand wear  (Kittens,  shell,  trigger-finger,  w/wool  inserts  and 
Cloves,  shell,  leather,  w/wool  inserts) 

Both  types  of  hard  gear  were  worn  during  the  winter  of  1951- 
52.  The  general  opinion  of  front-line  infantrymen  was  that 
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tha  trigger-finger  mitten  vith  the  wool  insert  provided 
greater  climatic  protection  bat  did  not  permit  as  much  dex- 
terity as  did  the  glove,  shell,  leather,  v/vool  insert. 

Almost  universally  the  wool  inserts  were  worn  vith  the  outer 
shell  for  both  types  of  h&ndvear.  There  were  many  situa- 
tions, however,  in  which  the  trigger-finger  mitten  had  to  be 
removed  in  order  to  provide  the  necessary  dexterity  needed 
in  such  emergency  activities  as:  Janming  of  small  arms  and 

automatic  weapons;  adjustment  of  artillery  sights;  splicing 
of  coBfEunication  wire;  performing  first  aid  by  medical  corps- 
men;  etc.  As  a result  of  tha  removal  of  the  handgear,  losses 
of  this  item  occurred.  Such  losses  coupled  with  prolonged 
exposure  resulted  in  frostbite.  Because  of  the  lessened  dex- 
terity when  wearing  mittens,  certain  infantrymen  preferred 
to  use  the  five-fingered  glove  which  provided  loss  protection 
against  cold.  To  prevent  I033  of  handgear  in  ccrb.it,  a recce- 
mended  solution  is  to  attach  the  handgear  to  a neck  cord  sim- 
ilar to  that  used  with  the  arctic  mittens.  Some  tnx>p3  did 
improvise  and  use  this  method.  Possible  approaches  to  the 
solution  of  the  problem  of  heat  conduction  from  the  hands  are: 
1)  modification  of  handgear  which  will  permit  maximum  dexter- 
ity and  yet  provide  maximum  protection,  e.g.,  use  of  protec- 
tive anti-contact  liners  which  will  remain  on  the  hand, 
giving  some  protection  against  cold  injury  when  the  outer 
shell  is  removed  momentarily  in  emergencies;  2)  use  of  im- 
permeable outer  3>.ell  materials  to  provide  protection  against 
wettiiig.  Pending  development  of  such  materials  it  is  suggest- 
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ed  that  men  be  Instructed  to  carry  xtra  wool  Inserts. 

Undershirt  and  Ttawers.  winter.  K-19S0 
This  is,  a very  satisfactory  item.  The  new  "standard"  under- 
wear was  designed  to  fit  loosely  over  the  body  in  a manner 
similar  to  pajarasj  in  contrast  to  the  former  standard  gar- 
ments which  were  form-fitting.  The- new  underwear  gives  the 
soldier  added  insulation,  increased  freedom  of  movement  and 
better  ventilation.  Hie  drawers  have  a loose-fitting  elas- 
tic waistband.  Loops  located  at  the  waist  are  included  for 
attaching  suspenders.  The  new  design  also  provides  suffi- 
cient material  so  that  the  small  ar.ount  of  shrinkage  which 
occurs  with  laur.de  -ing  will  not  cause  the  underwear  to  be- 
come tight  ar.d.  binding.  The  drawers  are  constructed  to  pre- 
vent binding  while  squatting  or  kneeling.  These  two  items 
are  in  evorj  respect  far  superior  to  the  "limited-standard" 
Undershirt,  wool,  502  cotton,  50%  wool,  and  the  Drawers, 
wool,  50%,  cotton,  502  wool. 

Sootgear 

Three  types  were  worn  during  the  winter  of  1951-52:  Boots, 
combat,  russet  or  2-buckle  type;  Sneepacs  M-19LA;  Boots, 
combat,  rubber  insulated.  Late  in  Kovcr.be r of  1951  * large 
group  of  cold  injuries  occurred  in  two  separate  units.  The 
frostbite  casualties  of  these  units  wore  wearing  the  cco- 
bat  leather  boots  in  spite  of  the  fact  that  the  shoepacs 
had  been  issueJ.  Lack  of  appreciation  of  climatic  changes 
in  Korea  at  this  time  of  the  year  by  the  unit  commanders 
resulted  in  the  occupation  of  a hill  by  troops  garbed  In 
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leather  boots.  This  newly  occupied  position  formerly  had 
been  held  by  Republic  of  Korea  (ROK)  troops.  The  ROIC  fox- 
holes were  shallow  and  required  extensive  remodeling. 

Shortly  after  occupation  of  this  hill  a combination  of  snow 
and  cold,  inadequate  shelter  and  a forceful  enemy  attack  im- 
mobilized the  troops  and  prevented  the  exchange  of  leather 
boots  for  shoepacs  which  had  been  left  in  the  rear  battalion 
headquarters  area.  Hews  of  this  regrettable  experience  soon 
spread  across  the  entire  front  and  ccxasanders  of  all  eche- 
lons became  more  aware  of  the  dangers  of  improper  clothing 
and  cold  weather.  Vigorous  training  and  control  measures 
were  promptly  instituted  to  prevent  similar  occurrences. 

Boots,  combat,  all  It  .ther.  These  leather  boots  were  un- 
satisfactory as  an  itei  of  bootgear  for  troops  operating 
in  the  forward  areas  but  satisfactory  for  troops  in  rear 
■ areas  when  worn  with  the  arctic  overshoes.  They  should 
never  be  worn  alone  -on  wet  and  waterlogged  surfaces. 

The  range  of  actual  air  temperatures  for  recommended  use 
is  from  ♦41*  to  ♦104*  P.  Tlds  item  was  never  intended  to 
be  used  as  winter  bootgear.  This  ccnbat  boot  was  designed 
to  be  worn  over  one  pair  of  cushion  sole  socks.  This  is 
not  considered  sufficient  insulation  for  the  winter  months 
in  Korea.  Those  leather  boots  have  a low  toe  cap  which 
can  limit  the  movement  of  the  toes.  Leather  cca bat  boots 
do  not  have  a removable  insole  which  is  needed  for  added 
Insulation  under  the  foot  in  vet-cold  climatic  conditions. 

In  scsio  cases  men  believing  that  an  extra  thick  sock  would 
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provide  core  Insulation  wore  ski  socks  with  the  leather 
combat  boot.  In  most  instances  this  proved  to  be  of 
little  value  since  an  extra  heavy  sock  resulted  in  m- 
barassment  of  circulation  and  probably  contributed  to 
cold  injury.  Except  for  the  use  of  the  leather  boot  at 
the  onset  of  the  Korean  winter  (1951-52)  previously 
mentioned,  the  majority  of  the  front-line  infantrymen 
wore  shoepacs  during  November,  December  and  early  Jan- 
uary. Most  of  the  supporting  troops  wore  the  shoepac 
the  entlrv  winter. 

Shoepacs.  The  shoepac  is  a 12  inch  high  boot  whose 
lower  section  to  the  ankle  level  is  made  of  rubber  and 
upper  portion  of  leather.  The  rubber  portion  of  the  boot 
provides  traction  and  is  waterproof  for  wet  and  water- 
logged surfaces  under  wet-cold  conditions.  The  thermal 
insulation  is  provide  i by  two  pairs  of  heavy  wool  ski 
socks  of  different  sizes  (if  size  10  sock  is  normally 
worn,  one  pair  of  size  10  and  <ne  pair  of  size  11  ski 
socks  would  be  required)  along  with  one  pair  of  heavy 
felt  Insoles.  The  shoepac  seemed  to  provide  adequate 
protection  under  certain  combat  conditions  when  proper- 
ly fitted  and  worn  with  suitable  sockgoar  and  insoles. 
However,  a major  defect  was  the  loss  of  tho  necessary 
insulation  provided  by  the  layers  of  the  sockgear  when 
they  were  saturated  with  sweat.  Subsequent  immobiliza- 
tion usually  resulted  in  a cold  injury.  A number  of 
shoepacs  were  issued  which  did  not  have  a steel  shark 
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for  arch  support  nor  an  adequate  seal  between  the  rubber 
bottom  and  the  leather  top.  the  carrying  of  extra  sock- 
gear  for  changing  while  on  combat  missions  to  provide 
dry  effective  insulation  was  not  always  militarily  expedi- 
ent nor  was  it  practiced  to  often  in  Korea.  The  shoepac 
itself  was  impermeable  to  moisture  emitted  from  the  foot 
in  the  form  of  sweat.  The  prolonged  wet  condition  of  the 
foot  softened  the  skin  and  contributed  to  the  disabling  se- 
quelae of  maceration.  The  shoepac.  in  general,  necessi- 
tates a high  level  of  logistical  support  because  of  the 
number  of  socks  and  extra  insoles  required  for  protection 
against  cold.  Examples  of  the  logistical  difficulties  en- 
countered were  the  frequent  launderings  and  mismanagement 
in  sock  exchange,  v suiting  in  the  return  of  improper  sized 
sock  Combinations  to  the  individual  soldier.  Constriction 
of  the  feet  occurred  if  the  individual  socks  were  too  email 
or  if  the  outer  layer  W33  equal  in  size  to  the  inner  layer. 
Foots,  Cc-ibat  rubber  insulated.  The  issuance  of  the  new 
rubber.  Insulated,  ccobat  boot  was  limited  by  the  arailibil- 
ity  of  supply.  It  was  not  until  late  in  February  1952  that 
issue  was  complete  for  all  United  States  divisions.  The 
original  6,000  pairs  per  division,  which  were  later  increas- 
ed to  7,000  pairs  per  division,  were  issued  primarily  to 
the  front-line  infantrymen,  medical  corprmen  and  other  per- 
sonnel who  were  associated  veru’  closely  with  the  activities 
of  infantry  units.  The  1st  Marine  Division  was  the  only 
unit  which  had  sufficient  quantities  of  the  new  type  boot- 
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gear  to  equip  »n  personnel.  This  boot  ia  made  of  two  lay- 
ers of  black  rubber  and  Is  U-l/A  inches  high*  Use  foot 
and  ankle  portion  is  insulated  with  a layer  of  14  oz.  wool 
fleece  and  the  sole  with  a 1/2  inch  felt  pad.  The  rubber 
sole  and  heel  are  eleated  for  traction.  A shelf  ia  provid- 
ed on  the  back  of  the  heel  for  securing  snowohoe  and  ski 
bindings.  A steel  shank  is  incorporated  for  arch  support. 

The  fleece  and  felt  pad  insulation  are  vulcanized  between 
the  inner  and  outer  rubber  surfaces,  thereby  protecting  the 
insulation  from  either  internal  or  external  moisture.  This 
provides  continual  dry  insulation  thus  preventing  heat 
losa.  In  this  respect  there  is  a decided  advantage  over 
the  shoepae  which  loses  its  protective  value  as  the  sock 
layers  become  wet  from  sweat  or  water.  The  nen*  boot  is 
worn  with  only  one  pair  or  cushion  soled  socks.  This  clim- 
ates many  of  the  logistical  problems  which  .ot  with  the 
ahoepac.  Danger  Of  constriction  ia  the  feet  is  reduced. 
Indoctrination  of  troops  in  the  principles  and  use  of  this 
new  type  bootgear  was  required  and  a special  training  pro- 
gram was  instituted.  There  was  enthusiastic  and  spontan- 
eous acceptance  of  the  new  boot.  The  mission  of  training 
the  troops  in  the  use  of  the  new  boot  aes  assigned  to  the 
Quarteisaster  Wet-Cold  Indoctrination  Teams.  Assistance 
in  this  training  and  fitting  program  was  given  by  special 
representatives  from  the  Department  of  the  Army,  Office  of 
the  Quartermaster  General  and  the  Cold  Injury  Research 
Team.  In  all  units  the  principle  of  the  insulated  boot 
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was  explained  in  detail  so  that  the  individual  soldiers 
fitted  with  the  -new  boot  would  know  its  capabilities  and 
limitations.  Data  revealed  a definite  reduction  in  the 
incidence  of  lower  extremity  cold  injuries  Innediately 
following  the  issuance  of  the  new  boot  (See  Epidemiology 
Section  of  the  caabined  report).  Relatively  few  deficien- 
cies were  encountered  with  the  insulated  boot,  such  as  rip- 
ping of  the  outer  rubber  layer  with  resultant  wetting  of 
the  fleece  insulation.  This  might  be  overcome  in  part  by 
the  conversion  of  the  insulation  fren  fleece  to  a plastic 
substance  or  other  material.  The  retention  of  sweat  by 
the  relative  absence  cf  .-bsorbing  materials  led  to  macer- 
ation followed  by  partial  denudation  of  the  sole  of  the 
foot  and  aggravation  of  existing  epidermophytosis.  How- 
ever, strict  attention  to  the  basic  principles  of  foot  hy- 
giene will  suffice  to  overcaae  these  difficulties.  It  was 
felt  that  s one  mechanical  or  other  form  of  ventilation  was 
required  in  order  to  remove  tho  vapor  (moisture)  without 
reducing  the  insulating  quality  of  the  boot.  The  boots, 
produced  by  various  manufacturers,  varied  in  size,  width 
and  stiffness.  In  same  boots  the  hook  eyelets  pulled  out. 

In  others  the  top  of  the  boot,  at  the  bellows  junction, 
chafed  the  calf,  especially  in  those  individuals  with 
heavy  leg  structure.  Mary  men  expressed  difficulty  in 
putting  on  and  taking  off  the  boot  when  socks  were  wet. 

The  majority  of  infantrymen  interviewed  regarding  this  new 
type  bootgear  agreed  that  it  was  by  far  the  best  for  winter 
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operations  from  the  standpoint  of  both  warmth  and  over- 
all comfort*  One  Important  finding  was  that  this  boot  did 
not  require  any  "breaking  in"  as  do  most  types  of  Army 
bcotgear.  Another  interesting  note  was  that  four  men  while 
wearing  the  new  insulated  boot  stepped  oo  anti-personnel 
mines  and  Incurred  only  minor  sprains,  whereas  serious  foot 
injuries  are  to  be  expected  with  the  combat  boots  or  shoe- 


Table  5 shows  the  various  types  of  combat  bootgear  issued 
in  Korea  during  the  winter  of  1951-52  with  respect  to  the 
required  sockgear  for  each  type,  their  function,  the  sur- 
face conditions  under  which  each  was  used  and  the  range  of 
ambient  temperatures  for  satisfactory  use. 

XV.  WET-OOLD  THAI  MIG 

Preparation  for  the  cold  weather  training  program  for  the  winter 
1951-52  began  in  July  1951*  At  that  time  there  were  four  teens  in  Korea 
who  had  participated  in  the  program  during  the  winter  1950-51.  In  July 
the  teems  formalized  the  winter  training  program  by  initiating:  1)  sur- 

veys at  unit  levels  to  determine  clothing  requirements;  2)  review  of  clo- 
thing records  with  regard  to  current  sizes  needed  and  3)  preparations 
of  requisitions  for  the  necessary  winter  clothing  equipment.  This  activ- 
ity continued  throughout  July  and  August  1951. 

In  the  winter  of  1951-52  however,  a decision  W3s  made  that  the 
four  Quartermaster  Corps  teams  would  be  utilized  for  the  training  of  unit 
instructors  who  would,  in  turn,  lritruct  all  personnel  of  their  respect- 
ive organizations.  The  training  responsibility  was  cade  part  of  the 
cccmand  responsibility.  A team  consisted  of  one  officer  and  one  NCO 
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TYPES  OF  COltBAT  FOOTGEAR  USED  IN  KOREA  BT  AMERICA):  TROOPS  DURING 
.THE  WINTER  OF  1951-52  WITH  RESPECT  TO  THEIR  REQUIRED  SOCKGEAR, 
OPTIMUM  FUNCTION  A)3)  AMBIENT  TEMPERATURE  RANGE* 


Item 

Sockgcar 
Reouir ;d 

Function 

Ground 
Surface 
Rewires  ent 

Range  of 
Ambient 
Temperature 
For  Use 

Soots,  service, 
cor bat,  rus3et 

Socks,  wool, 
cushion  sole 
1 pr. 

General 

Use 

Generally  dry 
surfaces  un- 
der temperate 
conditions 

♦41* 

to 

♦104’  F. 

Scots,  service, 
combat,  can  posi- 
tion sole 
f 2-buckle  tree) 

Socks,  wool, 
cushion  sole 
Id. 

General 

Use 

Generally  dry 
surfaces  un- 
der temperate 
conditions 

♦41* 

to 

♦104*  F. 

Shoe  pa  c,  M-1944 

Socks,  wool, 
ski  2 pr. 

Insoles, 
felt  1 Dr. 

Provides  trac- 
tion water- 
proof ski  & 

snowshoes 

'tie*  and  water- 
logged sur- 
faces under 
wct-cold  cond. 

-4* 

to 

♦59*  F. 

3oots,  conbat, 
robber,  in- 
ju?  aled 

Socks,  wool, 
cushion  sole 
1 pr. 

Provides  trac- 
tion water- 
proof ski  & 

. snowshoes 

Wet  and  water- 
logged sur- 
faces under 
wet-cold  cond. 

-4* 

to 

♦59*  F. 

* Obtained  for  footgear  charts  Clothing 
Alaanac  No.  10  China  and  Korea  0CH2 
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instructor  assigned  to  a corps.  Later  in  the  winter  an  additional  team 
was  assigned  to  each  corps  Baking  a total  of  six  teams..  When  training 
sessions  for  each  division  and  corps  had  been  completed,  additional  in- 
struction periods  were  held  for  training  unit  instructors  for  corps  ar- 
tillery, engineer,  signal  and  miscellaneous  units.  In  addition  to  in- 
structor teams  fron  the  units  in  the  Pusan  area  and  the  2nd  Logistical 
Ccnsnand,  a team  was  provided  which  was  responsible  for  training  new 
units  arriving  in  Korea.  The  United  Nations  Training  Center  also  had  a 
team  which  was  responsible  for  the  training  of  new  United  Nations  units 
as  they  arrived  in  Korea. 

The  training  sessions  for  unit  instructors  were  scheduled  to  cov- 
er a two-day  period  and  consisted  principally  in  a discussion  of  the  var- 
ious types,  signs,  causes  and  possible  effects  of  cold  injuries.  Train- 
ing aids,  including  clothing  demonstration  sets,  were  also  distributed 
to  each  unit  instructor.  Incluied  in  these  sessions  was  a practical 
demonstration  in  the  proper  wearing  of  various  clothing  items.  Opportun- 
ity was  provided  for  consideration  of  individual  problems  by  quarter- 
master team  members. 

Training  of  all  division,  corps,  artillery,  signal  and  engineer 
teams  was  completed  by  10  October  1951*  Training  of  area  ccroands  ex- 
cept Pusan  had  been  scheduled  and  completed  by  1 November  1951.  Fifth 
Air  Force  training  officers  were  instructed  on  2 4 October  and  2nd  Logis- 
tical Ccraand  unit  instructors  in  the  Pusan  area  between  12  and  15 


Novesnber. 


Spot  announcements  fren  Arr.ed  Forces  Radio  Stations  were  made 
dally  throughout  the  winter  reminding  listeners  of  measures  to  bs 
taken  in  cold  injury  prevention. 
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Many  times  difficulties  were  encountered  by  changes  of  ecctsand. 

Mew  officers,  particularly  in  eaapany  grades,  through  lack  of  knowledge 
of  preventive  principles  of  cold  injury  and  the  proper  use  of  cold 
weather  clothing,  wore  wrong  types  of  clothing  and,  sometimes,  issued 
direct  orders  which  often  undermined  all  previous  instructions  given  by 
the  Quartermaster  Wet-Cold  Indoctrination  Teams.  Hany  new  officers  who 
entered  the  combat  zone  missed  the  cold  weather  training  given  at 
United  States  Ports  of  Embarkation  or  at  Replacement  Centers  in  Japan. 

In  view  of  the  above,  a definite  requirement  Is  needed,  whereby  all 
officers  ordered  to  a wet-eold  c achat  area  receive  training  in  the  pro- 
per use  of  clothing  and  equipment  needed  for  cold  weather  ccnbat. 

V.  CONCLUSION'S 

The  supply  Of  winter  clothing  was  adequate  and  effectively  hand- 
led at  all  echelons  of  supply.  With  few  exceptions,  the  necessary  cold 
weather  clothing  was  available  in  sufficient  time  to  provide  United 
States  troops  with  the  proper  items  for  the  utmost  protection  against 
environment.  The  wet-cold  uniform  issued  to  United  States  troops  in" 

Xorea  for  the  winter  1951-52,  in  most  cases,  provided  adequate  insula- 
tion and  protection  against  the  most  severe  environmental  conditions 
experienced.  The  shoepac  will  provide  greater  protection  to  troops 
In  the  rear  or  non-c cchat  area  than  the  leather  combat  boot.  The  In- 
sulated rubber  boot  was  the  rost  suitable  bootgear  available  for  wet- 
cold  conditions.  Strict  foot  hygiene  principles  should  be  observed  at 
all  times  with  all  types  of  bootgear.  The  new  insulated  boot  was  pro- 
bably directly  responsible  for  a reduction  in  the  total  amount  of  cold 
injury  sustained  by  United  States  troops  in  Xore3  during  the  winter 
1951-52.  The  trigger  finger  mittens  provided  the  most  protection 
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against  told  Injury.  The  trigger  finger  mitten,  however,  does  not  al- 
low satisfactory  dexterity.  The  wet-cold  training  program,  winter 
1951-52,  was  superior  to  that  of  the  previous  year,  1950-51. 

TI.  IgOOMmitiATIONS 

1.  The  insulated  rubber  canbat  boot  should  be  considered  the 
desired  lten  of  wet-cold  bootgear  for  all  troops  engaged  in  carbat. 

The  capabilities  of  the  insulated  boot  could  be  improved  by  replacing 
the  fleece  insulation  with  a type  which  does  not  wet  as  easily. 

2.  The  shoopae,  M-4A,  should  be  issued  to  only  rear  and  non- 
combatant  personnel. 

3.  The  shoepacs  made  prior  to  the  H-44  model  should  be  declared 
obsolete  and  taken  out  of  supply  channels. 

4.  Cold  injury  training  should  be  made  a part  of  the  soldier's 
basic  training  course.  Similar  training  should  be  given  at  all  officer's 
basic  end  advanced  courses.  Whenever  a new  itca  of  clothing  or  equip- 
ment is  to  ba  supplied  all  troops  should  be  properly  trained  in  its 
application. 

5«  A record  of  cold  weather  indoctrination  should  be  entered 
on  the  soldier's  WDAGO  form  20  and  the  officer's  WDACO  fora  66. 
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HEADQUARTERS 

EIGHTH  UNITED  STATES  ARHT  KOREA  (EUSAK) 
Office  of  the  Cocmanding  General 
APO  301 


AG  400  KQH 


9 August  1951 


SUBJECT:  Vinter  Clothing  Allowance 


See  Distribution 


-•  Genera^.  Maximum  allowances  of  selected  winter  clothing  and 
equipsent  for  isaue  in  this  cctmaand  to  military  personnel  shall  be  as 
prescribed  herein.  . 


a.  The  supply  of  all  winter  clothing  and  equipment  will  be 
sufficient  only  with  the  strict  application  of  supply  control  measures. 
Iteas  not  required  will  not  be  requisitioned.  Mountain  sleeping  bags 
will  be  the  most  critical  of  all  winter  item.  Upon  the  departure  of 
an  individual  free,  the  forward  area,  this  item  will  be  turned  in  to  unit 
supply  officer  for  reissue  to  incasing  replacements. 

b.  Those  Croops  billeted  and  performing  duty  in  the  cities 
of  Pusan,  Karan,  Taegu,  Inchon,  Ascom  City  and  Seoul  are  not  authorized 
pile  caps,  and  srnintaln  sleeping  bags. 

3.  Definitions  of  Troop  Classes. 

a.  Clas3  A;  Those  units  which  habitually  operate  in  the 
forward  active  cccbat  zone  and  which  arc  in  physical  contact  with  the 
enemy.  Living  conditions  usually  require  extended  use  of  foxholes. 

b.  Class  D;  Those  >mits  which  habitually  operate  in  the 
forward  active  combat  zone  and  are  occasionally  in  physical  contact 
with  the  enemy.  Living  conditions  usually  permit  somewhat  better 
protection  from  tho  elements  than  Class  A units. 

s.  Class  C:  Those  units  which  habitually  operate  in  the  Army 

or  Corps  service  area  of  the  combat  zone,  where  housing  is  sccctir.es  fur- 
nished and  protection  frcoa  the  elcr.'-nts  can  usually  be  improvised  to  a 
better  degree  than  in  the  preceding  classes. 
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d.  Class  P:  those  units  which  are  no  mall/  based  at  an  air- 
field where  base  facilities  and  conditions  perait  use  of  housing, 
tentage  and/or  saai-permanent  buildings.  Twenty-four  hour  protection 
frctn  the  elements  is  usually  at  a aaxigu.  Normal  living  and  working 
conditions  at  the  installation  will  usually  provide  protection  from  the 
elements. 

e.  Class  E:  those  units  which  habitually  operate  from  per- 
manent or  seud-pemanent  installations  in  the  rear  areas  of  Korea  where- 
in housing  is  usually  provided. 

4*  Phases  of  Issue  of  Clothing  and  Bqultrent.  Winter  clothing  and 
equipment  will  be  issued  in  the  three  phases  as  follows: 

a.  Phase  1.  the  following  items  of  winter  clothing  will  be 
available,  on  basis  indicated,  by  1 September  1951: 

Clothing 

ltd  Unit  Allowance 

I 

Cap,  field,  cotton,  0D  w/visor  ea  1 per  Individual 

Jacket,  field,  K-1%3  ea  1 per  individual 

Gloves,  shell,  leather,  M-1949  pr  1 per  Individual 

Cloves,  insert,  wool,  K-1949  p r 2 per  individual 

Socks,  wool,  cushion  sole  pr  5 per  individual 

Undershirt,  505C  wool,  50?  ctn  ea  3 per  individual 

Bag,  duffle  or  bag  clothing  water- 
proof ea  1 per  individual 

•Blanket,  wool  0D  ea  2 per  individual 

Pads,  sleeping,  ini la table  ea  1 per  individual 

b.  Phase  II.  the  lolloving  iteas  of  winter  clothing  and  equip- 
ment will  be  available  for  issue  on  basis  indicated  by  1 October  1951. 


Clothing 

Mi 

Allovince 

Drawers,  0D,  50?  ctn,  50?  wx>l 

ea 

3 per  individual 

Hood,  Jacket,  field  K-1943 

ea 

1 per  individual 

Shirt,  flannel,  00 

ea 

2 per  individual 

Suspenders,  trouser 

ea 

1 per  individual 

Sweater,  high-neck 

ea 

1 per  individual 

Trouser,  field,  cotton,  03 

pr 

2 per  individual 

Trousers,  wool  00 

pr 

2 per  individual 

C.  Phase  XIX.  the  following  iters  of  winter  clothing  and 
equipment  will  bo  available  for  issue  on  basis  indicated  by  1 November 
1951: 


Clot  him 


Cap,  field 


Allowance 

1 per  individual 
Class  A,  B,  & C 
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Clothing 

Unit 

Allowance 

Insoles,  Felt,  Blocker  type 

pr 

•2  per  Individual 
issued  shoepacs, 
H-19U 

' Jacket,  Field,  pile,  00 

6* 

1 per  individual 
Class  A,  B,  & C troops 

Muffler,  wool,  00 

ea 

1 per  individual 

Overcoat,  field,  OD-7 

M 

1 per  individual 
Class  DAE  troops 

Overcoat,  parka  type,  or 
parka  liner,  pile  and 

parka-shell,  ctn 

ea 

1 per  individual 
Class  A,  B,  A C troops 
(Overcoat,  CD-7  may  be 
issued  as  a substitute 
item) 

Overshoes,  arctic 

pf 

1 per  individual  not 
issued  sboepacs 

Shoepacs,  H-19Wt 

pr 

1 per  Individual 
Class  A,  B,  A C troops 

Socks,  wool,  ski 

pr 

6 per  individual 
Class  A,  B,  A C troops 

Vests,  alpaca,  lined 

at 

1 per  individual 
Class  0 A E Troops 

Eauiment 

♦Bag,  sleeping,  mountain 

ea 

1 per  individual 
Class  A,  B,  A C 
troops  ereerfc  KATUSA 

♦Bag,  sleeping,  wool 

ea 

1 per  individual 
Class  DAE  troops 
and  KATUSA 

♦Blanket,  wool,  00 

ea 

1 per  individual 
issued  lag,  sleeping, 
wool 

Case,  water-repellent 

ea 

1 per  bag,  sleeping, 
mountain  or  wool 

Kittens,  shell,  trigger-finger 

pr 

1 per  individual 
Class  A,  3,  A C troops 

Mittens,  insert,  trigger-finger 

pr 

2 per  individual 
Class  A,  B,  A C troops 

•Kaxiaun  bedding  allowances  are  as  follows! 

One  (l)  tag,  sleeping,  mountain  and  two  (2)  blankets,  wool,  00 
or  one  (l)  bag,  sleeping,  wool,  OD  and  three  (3)  blankets,  wool, 
00. 
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AG  400  MJ1  saahMtrfrta  9 August  1951 

SUBJECT : Winter  Clothing  Allowances 

$•  Requisitioning  Procedure; 

a*  Divisions:  Divisions  will  submit  requisitions  for  all  winter 
clothing  for  organic  units  and  units  attached  by  ccnpelent  orders  to  the 
55th  Quartermaster  Case  Depot,  pursuant  to  schedule  in  par  d.  below. 

b.  Hon-Dlvlslonal  Units:  Requisitions  for  all  winter  clothing 
will  be  sutnitted  to  nearest  Class  II  & IV  Supply  Point,  pursuant  to  sched- 
ule in  par  d.  below. 

e.  UM  Troops:  Separate  requisitions  will  be  sutnitted  for  each 

United  Nations  Unit.  EUSAK  Cir  111  applies. 

d.  Separate  requisitions  for  phases  indicated  in  par  4 will  bo 
subedited  as  follows: 


Phase 

Date 

I 

Hot  later  than  1 Sept  51 

II 

l.'ot  later  than  15  Sept  51' 

XIX 

Hot  later  than  1 Oct  51 

e.  Separate  cover  sheets,  marked  SECRET,  will  be  attached  to  each 
requisition,  containing  the  following  information: 

(1)  Designation  and  strength  of  requisitioning  unit. 

(2)  Designation  and  strength  of  units  attached  by  competent 
orders  for  which  requisitioning  unit  is  responsible  for  Class  II  4 IV 
logistical  support. 

f.  One  (l)  copy  of  the  SECRET  cover  sheet  will  be  forwarded  this 
headquarters.  Attention  QK. 

g.  Requisitions  will  be  properly  accomplished  indicating 
quantity  authorised,  on  hand  and  due  in,  ar.d  quantity  required. 

h.  Items  immediately  available  will  be  narked  D/0  by  the 
supplying  agency;  therefore,  it  will  not  be  necessary  for  units  to  submit 
subsequent  requisitions  for  items  so  marked. 

i.  The  issuing  agency  ir.ay  rake  authorized  substitutions  for 
sizes  or  items.  Such  substitutions  will  be  authorized  on  the  action  copy 
of  the  requisition. 
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AG  400  KW 

SUBJECT:  Winter  Clothing  Allowances 


9 August  1951 


6«  Turn  In  of  surmer  iter. 3 of  clothing  will  be  mat.e  through  salvage 
channels  when  no  longer  required.  A concentrated  effert  will  bo  node  to 
recover  the  maximal  quantities  of  siamer  clothing  items. 

Si  CCmilD  'OF  GSIERAL  VAN  FLEET: 


DISTRIBUTION 

"A" 

Plus  50  topics  5th  Air  Force 
' Plus  100  copies  <31  Section 


/s/  C.  0.  Overstreet 
0.  0.  OVERSTREET 
Captain,  AGC 
Asst  AC 
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EIGHTH  UNITED  STATES  AKHT  KOREA  (EUSAK) 

Office  of  the  Ccncanding  General 
APO  301 


AS  422  KQK-0  11  Kerch  1952 

SUBJECT:  Turn-in  of  Quartermaster  Vinter  Clothing  end  Equipment 


TO:  See  Distribution 


1.  A positive  end  continuing  program  will  be  instituted  for  the 
turn-in  of  clothing  and  quartermaster  equipment  issued  for  use  during 
the  winter.  As  the  need  for  seasonal  iteas  diminishes,  a subr4  antial 
reduction  in  the  supply  load  carried  by  individuals  and  units  can  be 
accomplished  by  collecting  and  turning  in  these  items.  A carefully  plan- 
ned and  executed  program  will  provent  the  loss  or  misuse  of  articles  and 
will  permit  sufficient  time  for  their  processing  and  renovation. 

2.  These  programs  will  provide  for  a phased  turn-in  of  winter  items. 
Those  elements  of  a caasand  not  subject  to  prolonged  exposure  to  Adverse 
weather  conditions  may  begin  this  program  upon  receipt  of  these  instruc- 
tions. However,  all  ccsmar.ds  will  aecaapl'sh  this  program  in  accordance 
with  the  schedule  attached  as  an  inclosure  hereto.  Careful  compliance 
with  these  procedures  will  enhsneo  the  Arey-wide  supply  econcoy  program 
and  will  assist  in  distributing  the  vork  load  on  receiving  and  reclama- 
tion agencies. 


3.  Major  cccmands  will  collect  all  items  to  be  turned  in  under 
this  program  frea  assigned  and  attached  units  and  deliver  then  to  support- 
ing army  quartermaster  salvage  collecting  points.  Modifications  to  this 
procedure,  in  order  to  utilise  direct  rail  shipments  fren  division  supply 
points,  may  be  made  by  arrangement  with  the  Quartermaster  Section,  this 
headquarters.  Separate  units  will  deliver  these  to  supporting  army 
quartermaster  salvage  collecting  points. 

4*  To  provide  for  more  efficient  handling,  facilitate  doe<cnentation, 
and  prevent  unnecessary  less  or  damage,  items  will  be  prepared  for  turn- 
in  within  the  capabilities  of  the  can-and,  as  outlined  below. 

a.  All  items  will  be  searched.  Aaaunition  and  extraneous  ob- 
jects will  be  removed. 


b.  Items  of  clothing  and  equipment  that  lend  themselves  to 
bundling,  will  be  tied  into  pxickages  containing  either  5 or  10  like  items 
to  permit  easy  handling. 


c.  Footwear  to  include  boots,  arctic  felt;  overshoes,  arctic; 
shoepacs;  and  boots,  combat,  rubber,  insulated;  will  be  cleaned,  dried, 
paired,  and  securely  fastened  together.  Used  felt  insoles,  issued  with 
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AG  422  Wy-0  11  March  1952 

SUBJECT:  Turn-In  of  Quartermaster  Winker  Clothing  and  Equipment 

the  shoepac,  will  be  burned  by  units.  Unused  felt  Insoles  will  be  turn- 
ed in. 


d.  • The  heater,  ter.t,  gasoline,  250,000  BTU  (Human-Nelson) 
will  be  cleaned  and  drained  of  fuel.  The  heater,  with  all  its  component 
parts,  will  be  crated  by  using  units.  Crating  material  will  be  avail- 
able at  army  quartermaster  class  II  and  IV  supply  points. 

e.  Prior  to  turr-in,  tent  stoves,  burners,  and  stove  pipe,  will 
be  serviced  as  follows: 

(1)  Stoves  will  be  cleaned,  nested,  and  banded. 

(2)  Burners  will  be  dismantled  and  thoroughly  clenaed. 

(3)  Hoses  and  tools  will  be  packed  inside  the  flame  pot. 

(4)  Carburetors  will  be  drained  of  fuel  and  placed  in  wood- 
en sundries  supplement  pack  (100-1  PjC)  boxes. 

(5)  Stove  pipe  will  be  cleaned  and  bundled.  It  will  be 
protected  with  wood  slatting  and  banded. 

f.  Stove,  Tukon,  will  be  cleaned,  its  component  parts  placed 
within  the  stove,  and  then  banded  or  tied.  Stove  pipe  issued  with  the 
stove.  Token,  will  be  cleaned  and  bundled  as  indicated  In  paragraph  4 e 
(5)  above. 


g.  Tintage  that  is  to  be  turned  in  will  be  dried,  folded,  tied, 
ar.d  tagged  to  indicate  the  proper  nomenclature  of  the  tent.  Tent  poles 
and  pins  will  be  packed  separately. 

h.  All  other  individual  or  organizational  equipment  to  be 
turned  in  will  be  cleaned  and  crated  or  packed  in  suitable  containers. 

5.  Provisions  will  be  made  to  protect  items  against  rain  and 
ground  moisture  so  they  will  not  become  unserviceable  or  damaged  as  a 
result  of  mildew. 

6.  Items  turned  in  will  be  accccpznied  by  tum-in  slip  C’"D  AGO 
Form  447)  prepared  in  quadruplicate.  After  the  count  has  been  veri- 
fied b7  army  salvage  personnel  accepting  delivery,  a receipted  copy  of 
the  turn-in  slip  will  be  returned  to  the  unit.  Quartermaster  salvage 
collecting  points  will  maintain  records,  by  units,  of  all  items  turned 
in. 

7.  With  the  exception  of  underwear  and  socks,  which  will  be  retain- 
ed, tum-in  cf  KSC  winter  clothing  will  be  effected  in  accordance  with 
procedures  outlined  above.  Bundles  will  be  plainly  tagged  "XSC  Clothing". 
C'ther  KSC  items  to  be  turned  in  will  include  one  blanket  from  each  indi- 
vidual, and  all  stoves,  tent,  with  cacponent  parts. 
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ACT  422  KCJi-O  U March  1952 

SUBJECT:  Turn-in  of  Quartermaster  Winter  Clothing  and  Equipment 

8.  Items  of  Unit.ed  Statea  property  vhich  have  been  issued  to 
other  United  Nations  forces  will  be  accepted  and  receipted  for  in  ac- 
cordance with  provisions  of  paragraph  9b  and  d,  Circular  157,  this 
headquarters,  dated  2 October  1951* 

9.  All  commanders  wi">l  take  aggressive  action  to  insure  compliance 
with  this  directive. 

BY  COKHAND  OF  GE31ERAL  VAN  FLEETS 


1 Incl 

Turn-in  Schedule  for 
Winter  Clo  and  Equip 

distribution 

"A" 


JOHN  F.  KOIO 
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TURJJ-IN  SCHEDULE  FOit 

winter  clothing  Aim  equipment 
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Turn-in  periods  for  units  operating  north  of  the  Taejon-Andong  lines 


rhasc  X 
15-10  Mar 


Phase  II 
15-30  Apr 


Phase  III 

1-15  May 


Phase  IV 
15-10  Kay 


Boots,  arctic,  felt  Boots,  combat,  rubber  Gloves,  shell 


Kittens,  overvhite 
Parkas,  overwhite 


insulated 
Cap,  field,  pile 


Trousers,  overwhite  Hood,  Jacket,  fid, 

K-O 

Muffler,  wool 
Overcoat,  OD  Ho.  7 
Parkas,  all  types 
Shoep.us 
Socks,  wool,  ski 


Gloves,  shell  Burner,  stove,  tent 

w/insert  Drawers,'  wool 

Jacket,  field,  pile  "Heater,  ter.t 
Mittens,  shell,  T/F  gasoline,  250,000 


w/insert 
Vest,  alpaca 


BTU  (Herman- 
Kelson) 

Overshoes,  arctic 
Shirt,  flannel 
Stove,  tent 
Stove,  Yukon 
Sweater,  high-neck 
-Trousers,  field,  wl 
Undershirt,  wool 


Phase  7 

1-15  June 


*»  Bag,  sleeping,  mountain,  w/ca3e,  water-repellent. 

Blankets  in  excess  of  two  per  individual  or  1 bag,  sleeping,  wool  and 
one  blanket. 


Tum-in  periods  for  units  operating  south  of  the  Taejor.-Andong  line: 


Phase  I 
15-^0  Mar 

Parkas,  all  types 


Phase  II 
1-15  Apr 

lap,  field,  pile 
Hood,  jacket,  field.  Drawers,  wool  w/case,  wate 

K-L3  Gloves,  shell  repellent 

Jacket,  field,  pile  leather,  w/insert  Blankets  in  ex< 

Mittens,  shell,  T/F  "“-  Heater,  tent,  gaso-  of  2 per  indi' 

w/insert  line,  250,000  BTU  or  1 bag,  ole 

Muffler,  wool  (iiercan-Helson)  wool  ar.d  1 bl; 

Overcoat,  OD  Ho.  7 Shirt,  flannel  Overshoe,  a rut' 

Shocpacs  Stove,  Tukon 

Socks,  wool,  ski  Stove,  tent 

Vest,  alpaca  Sweater,  high-neck 

Trousers,  field, 
wool 

Undershirt,  wool 

For  hospitals,  t ;rn-in  period  is  extended  to  1-15  June. 

If  option  of  one  (1)  Bag,  sleeping,  wool  .and  one  (1)  blanket  in  exercised, 

e.en  * n *•  — .» •» .» i 1 r»  t 1 1 rpf  1 f 


Phase  III 

1-15  May 


Phase  IV 
15-10  May 


Burner,  stove  tent  "’Bag,  sleeping,  ntr. 


w/case,  water 
repellent 

Blankets  in  excess 
of  2 per  individual 
or  1 bag,  sleeping, 
wool  ar.d  1 blanket 
Overshoe,  arutic 


case,  water  r-yeilent  will  he  retained  for  use. 

For  hospitals,  turn-in  period  is  extended  to  15-30  May. 
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PRE-EXPOSURE  SUKVET  OP  COHRVT  TROOPS 
KOREA  1951-52 


1.  INTRODUCTIOS  ' 

The  primary  objective  of  the  pre-exposure  study  waa  to 
determine  through  the  cedis  of  s seal-controlled  Interview  and 
brief  physical  examination  whether  any  factors  could  be  delineated 
that  would  indicate  an  Increased  susceptibility  to  cold  macng 
individuals  serving  as  front-line  troops  in  the  Korean  theater. 

It  was  anticipated  that  a large  sagcent  of  United  States 
infantry  personnel  could  be  interviewed  prior  to  cold  exposure 
and  that  a slxable  number  of  the  eventual  frostbite  casualties 
would  be  represented  In  the  pre-exposure  population.  Had 
this  been  realized,  corporative  studies  between  the  frostbite 
and  non-frostbite  groups  could  have  been  accomplished.  It 
soon  became  evident,  however,  that  the  estimate  of  the  total 
number  of  Interviews  possible  was  highly  optimistic  in  view 
of  the  fact  that  a single  interviewer  had  to  cover  the  entire 
theater.  This,  combined  with  the  fact  that  the  incidence  of 
cold  injury  for  the  1951-52  winter  was  quite  low,  prevented  the 
realization  of  the  principal  objective  of  this  phase  of  the  cold 
injury  study.  Only  two  of  the  1,633  infantrymen  interviewed 
eventually  became  frostbite  casualties,  hence  no  internal 
analysis  of  the  pre-exposure  data  was  attempted. 

The  interview  utilized  a questionnaire  designed  to 
explore  such  aspects  xs  race,  climatological  background. 
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. education,  cold  weather  training,  pertinent  medical  history, 
tobacco  and  alcohol  usage,  as  veil  as  certain  biological 
factors  represented  by  jwlse  rats,  oral  temperature,  body 
type,  to  mention  but  a few.  The  questionnaire  will  be  dis- 
cussed in  detail  in  a later  section. 

A secondary  objective  involved  the  collection  of  blood 
samples  for  subsequent  cold  hemagglutinin  analysis  in  the 
laboratory  of  the  Cold  Injury  Research  Center  in  Japan.  This 
phase  of  the  study  attained  a bo  re  satisfactory  population; 
approximately  3,000  samples  (521  from  pre-exposure  population) 
vers  forwarded  to  the  laboratory  for  analysis.  The  results 
are  reported  in  the  section  of  the  combined  cold  injury  report 
concerned  vith  the  cold  hecugglutinins  (Section  mi). 

The  many  difficulties  which  were  encountered  in  attempt- 
ing to  collect  such  data  in  the  very  heart  of  a war  will  be 
described  at  sees  length,  together  with  recommendations  for 
Inproving  the  efficiency  of  collection  in  the  future. 

II.  HETCOD 

TO  facilitate  the  discussion  of  the  methods  employed, 
this  section  has  been  subdivided  into  three  main  areas,  the 
site  of  Interview,  the  questionnaire  and  the  collection  of 
blood  samples. 

A.  The  Interview  Site 
1.  Forward  Areas 

a.  Division  in  Reserve 


Periodically,  as  the  military  tactical 
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situation  permitted!  a whole  division  would  be 
relieved  fren  active  combat  dut/  and  moved  back 
J0-40  miles  from  the  ismediate  front-line  zone 
for  the  purpose  of  rest  and  reorganization.  It 
was  believed  that  suitable  arrangements  for 
interviewing  could  be  established  in  such  units. 
The  plan  of  operation  included  sampling  men  from 
each  battalion  of  the  three  regiments  in  order 
to  achieve  a satisfactory  cross  section  of  the 
division.  Although  the  division  in  reserve  had 
no  iitmediate  combat  responsibilities!  other  fac- 
tors were  introduced  which  tended  to  slow  down 
the  interrogations.  For  example!  an  intensive 
field  training  program  was  instituted  by  the 
regiments  during  this  perird;  this  placed-  a 
limitation  on  the  availability  of  men  for  inter- 
view. Night  problems  were  often  involved  so 
that  the  men  were  required  to  sleep  during  the 
day.  The  interview  site  was  usually  the  bat- 
talion add  station.  In  the  reserve  are;  this 
station  normally  consisted  of  a squad  tent 
doubling  as  sleeping  quarters  for  the  corpsmen. 
Consequently,  the  tent  was  very  crowded  and 
interviewing  could  not  be  started  until  after 
the  morning  sick  call.  In  addition  there  were 
many  Subsequent  interruptions  for  emergency 
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treatment*  The  tents  were  often  cold  and  draft/ 
with  very  poor  lighting  which  hampered  certain 
aspects  of  the  physical  examination,  such  as  foot 
examination,  color  changes  in  the  great  toe.  etc* 

Even  with  advance  scheduling  of  men  for  inter- 
view. long  delays  would  frequenter  be  experienced 
because  of  misunderstandings  or  3Udden  changes 
in  the  training  schedule.  The  interviewer  usually 
lived  with  the  medical  battalion  where  billeting 
space  was  not  at  such  a premium*  A disadvantage 
resulted,  however,  from  the  relatively  long  daily 
drives  required  to  reach  the  various  battalions. 
Restrictions  imposed  by  the  division  to  eliminate 
unnecessary  travel  in  darkness  tended  further  to 
shorten  the  working  da7* 
b.  Regiment  in  Reserve 

Certain  divisions,  when  "in  the  line”,  employed 
a rotational  system  in  which  one  regiment  was 
kept  back  in  a blocking  position  and  was  considered 
to  be  in  a "reserve  status".  The  same  problems 
discussed  above  were  present  to  a greater  degree 
here,  especially  those  concerned  with  tr  vel 
between  units  and  availability  of  men  for  inter- 
view. Additional  complications  arose  froa  the 
necessary  reduction  of  working  facilities 
imposed  by  the  combat  area. 
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c.  Battalion  In  Reserve 


It  ut  conaon  practice  for  regiments  when  "in 
the  line"  to  keep  one  battalion  back  In  a 
blocking  position  and  to  follow  a rotational 
system  aa  mentioned  above  for  the  regiments. 

On  occasion  this  so-called  "reserve"  battalion 
was  used  for  interviews  with  the  same  problems 
described  above. 

2.  Hear  Areas 

After  a month's  experience  in  the  forward  areas, 
it  became  evident  that  the  various  problems  enumerated 
above  markedly  reduced  the  efficiency  of  the  effort. 
Accordingly,  an  attempt  was  made  to  shift  the  loca- 
tion of  the  interviews  to  the  rear  areas  which 
included  the  replaceuont  companies  and  the  airfields 
which  served  as  Rest  and  Recreation  Headquarters  for 
the  line  troops, 
a.  Replsrwont  Ccopany 

The  replacement  companies  wore  rear  units  of 
the  divisions  through  which  new  troops  were 
processed  prior  to  being  sent  forward  to  the 
line  organizations.  The  facilities  in  these 
companies  were  superior  to  thosa  previously 
discussed  since  space  limitation  was  not  a 
serious  factor.  Usually  additional  assistance 
from  the  cadre  personnel  readily  could  be 
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obtained  to  -sxpodlte  the  work.  The  division 

psrsonnsl  offices  were  located  in  thsso  srsss 

thoreforo  the  Amj  General  Classification  Tost 

* 

•eorss  on  tho  questionnaires  could  bo  sscurod 
•sail/.  Thara  vara,  aa  sight  bo  expected, 
certain  disadvantages  which  prevailed  to  haaper 
tho  effort,  for  example,  tho  replacement 
companies  never  received  advance  notice  when  to 
expect  troop  shipments.  Therefore,  it  was 
impossible  to  work  out  a satisfactory  Interview 
schedule,  and  daily  calls  to  the  units  were 
required.  When  a shipment  of  sen  arrived,  they 
would  be  assigned  In  varying  numbers  to  all  units 
in  tho  area  so  that  interviews  could  only  bo 
accomplished  In  one  unit.  A second  factor, 
which  presented  the  rear  aroas  from  being  en- 
tirely satisfactory*  was  the  policy  that  existed 
in  different  divisions  begirding  the  flow  of  men 
through  roplccee.ont  ec;p«r,tea.  Sena  divisions 
used  the  replacement  eo-rpvny  locations  aa 
training  areas  and  held  their  e»n  anywhere  from 
k to  6 days,  while  Others  processed  th*i  through 
in  less-  than  hours.  In  these  latter  companies, 
tine  and  availability  of  »*n  did  not  psmit  inter- 
views to  bo  mada.  k third  factor  concerned  the 
subsequent  assignment  of  c#n.  There  was  no 
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assurance  that  th«  men  Interviewed  would  all  be 
assigned  to  front-line  units  despite  their 
infantry  MOS  deslpiations. 
b.  Airfields 

An  attempt  uas  mads  to  lntarvlcv  can  who  wars 
. awaiting  flights  to  Japan  for  their  5-d«y  rest 
and  recreation  (R  A R)  leaves.  It  Is  admitted 
that  these  subjects  did  experience  cold  exposure, 
but  none  at  tine  of  Interview  had  Incurred  a 
cold  injury  and  since  continued  exposure  followed 
the  examination  these  sen  were  included  in  the 
etudy.  The  men  wore  available  for  interviews 
anjrvhere  ftea  30  minutes  to  10  or  12  hours* 
depending  on  the  avnll  ability  of  planes  on  any 
particular  day.  Since  all  troops  were  included 
In  tha  R A R progras*  the  swift  problem  en- 
countered was  the  selection  of  nen  with  the 
proper  MD3  designation.  Attempts  were  made  to 
have  the  various  replacement  companies  screen 
their  troops  prior  to  their  arrival  at  the 
airfields*  but  the  continual  charges  In  the 
cadre  personn-l  reduced  the  efficiency  of  this 
procedure. 

B.  The  Pre-“jr.iX>sure  Questionnaire 

The  <pi-3tloiu  aire  employed  was  divided  into  two  main 
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sections;  the  first  section  dealt  with  general  informa- 
tion about  th-  Individual  while  tire  second  section  was 
concerned  with  eortain  biological  factors*  Appendix  I 
represents  the  fora  utilised  in  this  survey.  Items  1-JO 
covered  Use  general  information  t ra  while  the  remaining 
nine  iters  represented  the  biological  acasures.  A brief 
explanation  of  the  various  items  is  given  below. 

1.  General  Information  Section 

Items  1-10  lncluicd  the  identification  data  such  as 
nonet  serial  muster,  dale  of  interview,  age.  race, 
ranh.  place  of  birth,  etc.  lt<r.  5 (location)  in- 
• eluded  the  organisation  to  wt.lch  the  man  was  attached, 
as  well  as  the  status  of  the  organisation  at  the 
time  of  interview,  such  as  a division  or  recent  in 
reserve,  a replacement  comparer,  etc.  Items  11-13 
cover cj  the  elinatological  aspects  in  enter  that  an 
assessment  of  these  factors  could  be  made  in  the 
cubse-pient  analysis.  For  example,  under  tics  11  an 
attempt  was  -.vie  to  record  lnfoimatior.  cotcerr.lng, 
he  various  place  or  places  the  interviewee  ha. 
live  i for  at  least  a winter  season  during  his  life, 
in  or  t^r  to  dr  tv  mine  tt.e  ap|:oxira*,«  degree  of 
rx;0;»re  to  a cold  el  irate  tlx:  ran  ray  have  rxporl- 
-r.re-'.  Iter.  14  listed  the  main  civilian  occupation 
o-'  tl.e  individual  with  particular  reference  a",  tc 
wt.*r!  h**r  it  was  an  indoor  or  oddwr  got..  I lets  '.t-lS 
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coy  trod  the  us*  of  tobacco.  coffee  an)  alcohol  with 
an  attrapt  to  obtain  t rough  index  as  to  the  extent 
of  such  usage.  The  importance  of  these  factors  was 
minimized  b y the  situation  in  the  Korean  theater 
where  tobacco  end  beer  were  rationed  to  one  pack  of 
cigarettes  per  da/  per  man  and  approximately  four 
cans  of  beer  per  month  per  man.  Item  19  was  included 
in  an.' attempt  to  elicit  a history  of  the  man* a 
previous  combat  experience,  including  action  In  World 
War  n.  In  order  to  determine  whether  er  not  the 
Individual  had  had  previous  experience  fighting  in 
cold  climates,  A history  of  previous  cold  Injury, 
including  civilian  life,  via  the  purpose  of  Item  20. 
The  criterion  in  the  assent  ;tnt  of  this  factor 
necessitated  the  al.desion  frees  the  interviewee  that 
at  least  blistering  *:>d  feeling  of  tissues  had 
occurred  end  th:.t  ardieal  attention  h*d  been  sought. 
Item  21  was  used  in  an  attempt  to  evaluate  the  effec- 
tiveness of  previous  cold  whether  training  including 
films,  leeturea.  derjnstrations,  etc.  "Cold  weather 
operations'*  Included  bivouac  in  cold  areas  daring 
basic  training.  The  irfonsst.ion  recorded  under  the 
category  v-Cther**  included  previous  eo-.bet  In  cold 
regions  or  during  cold  seasons.  Iters  22  and  23 
covered  the  educational  nrd  intelligence  f'.ctors. 

Doth  Ares  I and  Ares  III  Any  General  Classification 
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Teat  (AGCT)  scores  were  recorded  under  Item  ZJ. 

These  two  areas  were  selected  since  It  was  ‘felt  they 
represented  a trier  estimate  of  the  man’s  basic 
intelligence  than  did  any  other  section  of  the  test* 

A history  of  the  individual’s  disciplinary  record 
was  obtained  under  Item  21  in  an  attempt  to  assess 
the  factor  of  malingering  and  its  relationship  to 
frostbite  casualties.  Item  25  was  a history  of 
disease  which  night  conceivably  alter  the  cold 
hcauigglutlnin  titers.  Item  26  was  the  subjective 
Impression  of  the  Interviewee  concerning  the  degree 
of  sweating  exhibited  by  his  own  feet.  Items  27 
and  2d  were  included  to  determine  If  unilateral 
frostbite  of  the  hand  soul!  be  related  to  the 
manipulation  of  ths  man’s  weapon.  Item  29  was 
incorporated  to  determine  if  "accident  proneness" 
hod  ar.y  relation  to  the  acquisition  of  cold  injuries. 
A history  of  accidents  which  the  examiner  felt  might 
reflect  this  tendency  was  recorded.  Such  data  aa 
athletic  injuries  ware  generally  not  considered  to  ■ 
fall  into  this  category  And  war'  ignored.  Item  30 
concerned  the  interviewee’s  hobbies  wher  vor  they 
could  be  determined  from  questioning.  These  data 
were  used  to  test  the  hypothesis  that  cen  who  had 
done  considerable  hunting  and  fishing,  including 
carping,  might  bo  better  tele  to  care  for  themrelves 
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under  adverse  weather  conditions • 

2.  Biological  Measures 

licet- 1(  the  cold  hemagglutinin  sample*  is  discussed 
in  Section  Xlll  of  the  combined  cold  injur7  report. 
Item  2 was  an  evaluation  by  the  examiner  of  the  man*s 
personal  hygiene  based  primarily  upon  an  examination 
of  the  feet*  condition  of  the  clothing*  etc. 

Because  of  the  conditions  under  which  the  man  were 
forced  to  live,  the  presence  of  dirt  on  the  feet 
was  minimized*  but  such  conditions  as  untreated 
epidermophytosis*  uj  it  rinsed  nails*  callouses*  etc.* 
were  used  in  assessing  this  iters. 

Item  3 is  of  little  importance  since  the  evaluation 
of  body  type  was  based  principally  on  the  man’s 
estimate  of  his  own  height  and  weight.  It  was 
impossible  to  hove  the  interviewee  strip  down  for 
anthropometric  me  a so  .-events  and  somatotyplng  ploto- 
graphs  since  the  ambient  temperature  of  the  interview 
site  was  often  .-.bout  UO*  F.  Items  1-7  are  self- 
explanatory.  However*  the  recorded  height  and  weight 
were  obtained  from  statements  by  the  man  and  not 
determined  by  actual  raomirement.  The  gross  sweat 
examination  was  performed  by  actually  feeling  the 
fcol  with  ihe  hand  ar.d  determining  the  extent  of 
dryness  or  wetness.  Skin  resistance  measurements 
were  not  aecor.pl  1 shed  slr.ee  the  necessary  instrenen- 
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tation  was  not  available.  Approximately  200  starch- 
iodine  sweat  tests  were  performed  with  entirely 
negative  results  so  the  procedure  was  eliminated  in 
subsequent  examinations.  The  insensitivity  of  the 
starch-iodide  test  utilized  in  this  study  was 
demonstrated  when  examination  of  the  feet  with  an 
ophthalmoscope  to  obtain  illumination  and  magniflca- 
.tion  revealed  the  presence  of  beads  of  sweat  even  In 
the  absence  of  color  changes  in  the  starch-iodide 
paper.  The  data  for  Item  9 were  obtained  by  apply- 
ing moderate  pressure  with  the  index  'tnger  of  the 
examiner  for  10  seconds  to  the  end  of  the  great  toe* 
Upon  release  of  pressure  the  nun ter  of  seconds 
required  to  re-establish  the  normal  skin  color  of 
the  digit  was  recorded.  This  measure  is  considered 
to  be  quite  unreliable  since  it  was  not'  possible  to 
have  the  subjects  equilibrate  in  a constant  tempora- 
ture  room  prior  to  the  examination.  Consequently  the 
variations  in  ambient  temperature  markedly  affected 
the  values  obtained  from  day  to  day. 

An  attempt  was  made  to  train  corptr.en  in  various 
replacement  companies  to  perform  the  interviews  in 
the  absence  of  the  single  examiner  who  was  assigned 
to  the  project.  This  was  done  with  the  liope  that 
the  to*al  number  of  questionnaires  completed  would 


be  greatly  Increased.  The  program  proved  quite 
successful  In  three  instances,  but  tine  did  not 
permit  a eerpletely  adequate  prograa  to  be  Instituted. 

Appendices  H and  III  include  samples  of  the  code 
sheet  derived  from  the  questionnaire  to  facilitate 
the  subsequent  ISC  analysis. 

C.  Collection  Of  Blood  S&nples 

The  collection  of  the  blood  samples  ar.d  thoir  sub- 
sequent shipment  to  the  Cold  Injury  Research  Laboratory 
at  Osaka  for  cold  hemagglutinin  analysis  presented 
several  problems.  The  shortage  of  team  personnel  made 
it  mandatory  that  eerpar.en  to  obtained  frea  the 
various  units  to  assist  in  the  collection  phase. 

Originally'  10  ec.  syrinx’s  were  ts-ployed  for  this 
b»t  the  absence  of  suitable  cleaning  end  sterilisation 
equijrnnt  in  the  forward  erees  necessitated  a change  In 
technique.  Ths  Shepperd-Keidel  blood  collecting  tubes 
were  employ:-!  subsequently  with  a higji  degree  of  success.* 
These  units  cere  steriliced  ar.d  the  blood-filled  tubes 
were  packed  in  50  caliber  t-rcunitlon  boxes  for  shipment. 
Approximately  200  tubes  vero  pecked  in  a single  container. 

*The  SLr.pp-.i-'toidjJ  tubo  ec.irists  of  a se iled  evacuated 
gl:.;.i  t ule  ci‘  5-5  i'l.  cap 'city,  fitted  with  a 22  gag* 
vt-.cu:»  puviturj  ncrils  by  : . - --m  of  r.-.hber  tubing.  The 
r.cedis  is  prjt:cte.1  by  a ti-v.tly  fitting  "Vis  cover.  This 
tubs  r-.y  \s  f. 'jt.-.lr.c d ?rn  tha  Scientific  Glass  Inst. 

Ccvp harth  Field.  Ken#  Jersey. 
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and  the  breakage  rate  Mas  extremely  low.  The  blood 
samples  were  taken  from  the  forward  areas  to  an 
evacuation  hospital  and  from  that  point  were  hand- 
carried  by  messenger  to  the  laboratory  in  Japan. 

hi.  results 

A total  of  1(620  front-lire  infantrymen  were  inter- 
viewed during  the  period  8 November  1951  to  1 February  1952. 
Of  these  lt628  interviews,  approximately  1.250  were  obtained 
before  the  onset  of  cold  weather.  An  additional  120  inter- 
views were  obtained  on  hospitalised  frostbite  patients. 

The  Interviewer  traveled  over  7*000  miles  by  Jeep  and  made 
some  additional  trips  by  piano  in  the  collection  of  these 
data. 

The  population  represented  by  the  pre-exposure 
questionnaires  reflected  a random  sampling  of  Eighth  Army 
as  far  as  the  distribution  between  Whites  and  Negroes  was 
concerned.  A further  breakdown  by  climatological  region  of 
origin  indicated  that  this  group  did  not  deviate  significantly 
from  the  distribution  evidenced  by  the  epidemiologic  controls 
and  thus  were  used  as  another  control  population  for  com- 
parative purposes  in  epidemiologic  study. 

Since  only  two  of  the  1.628  infantrymen  interviewed 
eventually  became  frorthitc  casualties,  no  internal  analysis 
of  the  pre-exposure  data  was  attempted. 

In  all.  approximately  3,000  blood  samples  were 
forwarded  to  the  laboratory  In  Japan.  Of  these,  only  521 
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samples  were  obtained  froa  the  p re -expo sure  population  of 
1,623  men. 

IV.  RSCmraiDATTCNS  FOR  fflTURE  SURVETS 

Certain  specific  recommendations  are  mentioned  here 
' which  should  facilitate  the  collection  of  similar  data  In 

the  future.  The  delays  and  difficulties  which  resulted  when 
one  interviewer  attempted  to  cover  the  entire  Korean  theater 
strongly  Indicated  the  desirability  of  having  a trained  Inter- 
viewer with  two  enlisted  assistants  assigned  to  each  division. 
Such  an  arrangement  would  permit  the  examining  team  to  set  up 
a seal -permanent  site  for  Its  work.  Travel  time  between 
battalions  and  regiments  would  be  measurably  reduced,  and 
work  could  proceed  with  minimal  interruptions  and  delay. 

The  two  enlisted  personnel  could  not  only  assist  in  the 
filling  out  of  the  questionnaires  but  could  also  draw  the 
blood  samples. 

It  is  suggested  that  each  such  interviewing  team  have 
its  own  vehicular  transportation.  Including  a jeep  and  a 
1/4-ton  trailer.  With  such  an  arrangement,  each  group  of 
interviewers  could  easily  examine  at  least  50  to  60  men  a 
day  and  collect  up  to  2CO  blood  samples.  Such  an  organiza- 
tion would  permit  the  completion  of  at  least  3O1OOO  to 
1 50.CC0  questionnaires  in  a 4-<nonth  period  under  conditions 

comparable  to  those  under  which  the  present  study  was 
conducted. 
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RECORDER 

(1)  WAKE 

fust) IFE 

(3)  AGE 

(5)  LOCATION 

a.  Beat  Aru  f I 

(6)  SERIAL  NO. 

(9)  PLACE  OP  BIRTH 


(Middle) 


_(2)  DATE  OP  ZUM 

ft)  race  rwi  m nrr 


b.  Repo  D»po  C3  C.  EAR  Airfield  1 I 

_ (7)  RAMt (8)  M.O.S. 

_ (10)  DATE  OP  BIRTH 


(U)  OITCS  PUCES  LIVED  IN  FOR  AT  L2(U,'  ONE  WHITER  SFA30X»_ 


(12)  TI?2  OP  AREA  L IVED  HI  FOE  CREVTKR  PART  OP  LIFE* 

a.  City  cm  b.  Suburban  cm 

(13)  COILSST  TT-  IillWuS  TO  VfltICH  EP-SSDi 


e.  Rural  LI1 


a.  Approx.  T^ip.  *P. 
e.  Ehrlrwarntt 

(14)  CIVILIA1I  OCCVPATCC* 

(15)  S.DnxOs  a.  FIFES 


_____  b.  Approx.  La.ugth  of  Tine  ___________ 

Indoors  lloatly  cm  Outdoors  Mostly  a 


(15)  SUXIXCs  a.  PIPES  pT)  LT3  DS3  G3  IT  •:  'nTTp  lO/lsl  (rer  dar) 

b.  cigars  m cm  cm  cm  iimmm  <*«•  d*y> 

e.  cigarettes  HO  EZ2  ID  ED  03  (i»p  W) 

(16)  TOP.I.CCO  CHraHCs  (Amount  in  Plug 3)  03  03  03  03  (prr  wV. 

(17)  corns:  (Cups  per  Day)  CD  03  S3  05J  CDJ3  3-rl_lU 

(13)  AJAXWL  DITA.SC K PER  WH*.'  EVER  (Dottles)  CO  CF4  C~)  DH1  CE)  CT 
(19)  00  'EAT  EWSTTOCS:  {JJD  fTol 


a.  WHTO 


b.  WHERE 


(20)  COLD  INJURT:  (Frostbit*,  Chilblain*,  French  Foot,  *tc.)  fyq31 


a.  Anatomical  Sit* 

b.  When  Occurred 

d.  Activity  at  Tina  of  Injury 

(21)  COLD  WEATHER  TRAIHDiCi  fl^Tl  Hiol 


e.  Where  Occurred 


_b.  Wh«r*_ 


e.  Type  of 
Training: 


lecture  CZ3 

m»  CD 

Demonstration  I 1 

Cold  Woathor  Operation  □ 
Other  I I 


d.  , Amount  of  

Instruction:  1 I 


Demonstration 


(22)  HIGHEST  TCICOL  GRADS  oaiPLSTiDt 


(23)  niT.-:TXT0:-;:cs  r.\TE.'0_ 


; lot  nil?; 


DIDlIJS 


(21.)  DICCIPI-lKA'tf  RECORD i 


_(ACCT  - area  J score) 

OFFER  SI!  SE1TSKCS 


Cc  ipv./  Punishment  □ 
C’r.-«r7  Court  M-.rtlal  □ 
Spuelal  Ccurt  Martial  a 
Cencral  Court  Martial  a 


(25)  DI$.-\15F3: 
X.ilarla 


follow  Jaundice 
Pnnv-onia 

U;>e  .plained  Fev»r  (Infectious  Mononucleosis,  etc.) 

Tuberculosis 

Jyphills 

.stnria  (P<M  or  Dirk  Urine) 


liny::-.  ,.J*S  Disc  is* 


nzzm 


CZ30 


rr*t 


(27)  DO  TOU  CONSIDER  YOURSELF  RIGHT  OR  LOT  HANDED?  D3  cn 

(2S)  WHICH  HAI.'D  DO  TOU  USE  TO  PULL  TOE  TRIGGfci?  03  CO 

(29)  HISTORY  OF  ACC1D3IT5  (Any  accident  requiring  medical  attention  such  •• 

serious  sprain*.  broken  bones,  ate*) 


i 


.*  i 


» f 


fr 

4- 


(30)  HOPMSS  (PartlcuEarly  outdoor  activities  suck  as  camping,  hunting,  fishing,  etc.) 


OlOraVATlONS  OH  ALL  PATIENTS 

(1)  COLD  AGGLUTININ  SAMPLE  (10  ee.)  TIMS  TAKEN: I 

TITER! ANALYST: —MTS:,, 

(2)  PERSONAL  HYT.131E  (Based  on  Cleanliness  and  Neatness,  particularly  feet) 

EXCELLENT  I I OOOD  L -) 

(3)  ROSY  TYPE  BCTCMORPH  a 

MSCCEOM'H  [ 1 kego>»:dc  MORPH  CO 

(L)  HEIGHT:  1_ 

(5)  WEIGHT!  

(6)  PULSE  KATE  AT  REST!  

(7)  ORAL  r-UPKKATUREi  _ 

(8)  SWEAT!  

0H0S3  EXAM  LTCHT  ( j 


POOR 

ECTO-IT-SO  MORPH 
H.'P04tORPH 


MODERATE  CO  HSAMT  CO 


SKIM  RESISTANCE:  (T.dten  on  Instep)  C 

STARCH-  10UIKS  TKSTi  BATUMI  tl 


3 


3 


(9)  f:t£OD  HOW:  (Return  of  ckin  color  .»fler  10  see.  pressure  on  end  of  great  toe) 

SECONDS  1 . I 

KIM-AHX  S ! 


19  T 


ODD 
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» 


) 
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0008  SHEET  EOR  PRE-EXPOSURE  QUESTIONNAIRE 

RBOORDER 

CHECKER ■ 


NAME_ 

1*4.  IDENTIFICATION 

ZZZ3 

5-12.  SERIAL  NUMBER 

00000000.  No  data 


19.  BATTALIONS 

0.  No  data 

1.  1st  Bn 

2.  2nd  Bn 

3.  3rd  Bn 

4.  Big.  Bn  (Sop) 

5.  Other  Sop  Bn 


25-26.  NOS 

00.  No  data 

tZZ3 

27-28.  STATE  OF  BIRTH 


13-16.  DAT  AND  MONTH 
OF  INTERVIEW 

0000.  No  data 


20-21.  ACE  (Loot  Birthday) 
00.  No  data 


CZZ3 

17.  DIVISIONS 

T.  LOth  Dio. 

0.  No  data 

1.  1st  Cav.  Dir. 

2.  1st  Mar  Dir. 

3*  2nd  Dir. 

A.  3rd  Dir. 

)•  7th  Dir. 

6.  24th  Dir. 

7.  25th  Dir. 

8.  Wise.  8th  Amy  Unit# 

9.  45th  Dir. 

18.  RESLHFTJTS 


ZZD 


00.  No  data 

IZZI 

29.  CLIMATOLOGICAL  REGION 
OF  BIRTH  STATE 


22.  INTERVIEW  SITE 

0.  No  data 

1.  Dir.  in  Reserve 

2.  Rag.  in  Reserve 

3.  Bi.  in  Reserve 

4.  Replacement  Co. 

(nev  replaeu-aont) 

}.  Replacement  Co.  (R4R) 

6.  K-16  (R4R) 

7.  Annex  II  Fatlonts 

8. 

9. 


0.  Ho  data 


ZZI 

30.  CUKATOLOCIC'.l  REGION 
LIVED  El  LCTi-tST  PERIOD 

0.  No  data 


23.  RANK 


0.  No  data 

1.  5th  Car,  1st  Mar. 

9th,  7th,  17th,  5th 
14th.  160th,  190th 

2.  7th  Cav.  5th  Mar, 

23rd,  15th,  31st,  19th 
2?th,  223rd,  179th 

3.  3th  Car,  7th  Mar, 

38th,  65th,  32nd,  21st, 
35th,  224th,  279th 

4.  11th  Mar  24. 

5.  Sap  Units  of  Dir. 

6.  British  CorwiweaKh 

7.  French 

8.  Ethiopian 

9.  Creek 


0.  No  data 

1.  Frivata 

2.  PFC 
3«  Cpl. 

4.  Sgt. 

5.  5gt.  1/C 

6.  M/Sgt. 

7.  Commissioned  Off. 

8. 

9. 

RACE 

1.  White 

2.  Negro 

3.  Mongolian 


ZZI 

31.  CLIMATOLOGICAL  REGION 
LIVED  IN  2nd  LONGEST 
PERIOD 

0.  No  dato 
T.  Non* 


ZZI 


32.  CLIMATOLOGICAL  REGION 
LIVED  IN  3rd  IONCEST 
„ PERIOD 

0.  No  data 
T.  Nona 


I 


j. 

i 
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38-40.  CIVILIAN  OCCUPATICII 


-It 


33-  RESIDENCE  OUTSIDE 
CONTLVENTAL  LIMITS 

0.  No  data 

7.  None 

EU 

34-  TYPE  OF  HABITAT 
CREATES  PART  OF  LIFE 

0.  No  data 

1.  Rural 

2.  Suburban 
3-  City 

4.  Rural  & Suburban 
5-  Sural  & City 
6.  Suburban  & City 


35-  COLDEST  TUrP  *p  EXPOSES 

0.  No  data 

1.  Above  32* 

2.  22  to  32* 

3.  12  to  22* 

4.  2 to  12* 

5-  -8  to  2* 

6.  -18  to  -8* 

7-  -28  to  -13* 

8.  -38  to  -23* 

9.  Below  -33* 

36.  LENGTH  OF  EXPOSURE 

0.  No  data 

1.  None 

2.  Less  than  1 day 
3-  1-2  8073 

4.  2-3  days 

5.  3-7  days 

6.  Over  7 days 

37-  E?r/IfBWC?!T  K'RING 
COLD  SPELL 

0.  No  data 

1.  "one 

2.  Outdoors  costly 

3.  Indoors  rcotly 

4.  A;  | ;ox.  e.yial  tine 
indoors  4 outdoors 

5- 

6. 

7. 

8. 


000.  No  daU 

EZD 

41.  SMOKING  - PIPE 
(Bowls/day) 

0.  No  data 

1.  None 

2.  Less  then  1 bowl 

3.  1-3  bow la 

4.  4-6  bowls 

5.  7-9  bowls 

6.  10  bowls 

7.  Over  10  bowls 

42.  SHAKING  - CIGARS 
(No./day) 

0.  No  data 

1.  None 

2.  Less  than  1 cigar 

3.  1-2  cigars 

4.  3-4  cigars 
5»  5-6  cigars 

6.  7-8  cigars 

7.  Pore  thtn  8 cigars 

43.  SICKING  - CIGARETTES 
(Packs/daz) 

0.  No  data 

1.  None 

2.  Loss  than  1/2  pack 

3.  1/2  pack 

4.  1 pack 

5.  1-1/2  packs 

6.  2 packs 

7.  3 pucks 

3.  More  thin  3 packs 

44.  TO i ’AC CO  CURVING 
(Plug.i/week) 

0.  No  data 

1.  None 

2.  0-1  plug 
3*  1-2  plugs 

4.  3-4  plugs 
5-  5-6  plugs 

6.  More  than  7 plugs 


45-  COFFEE  INTAKE 
(Canteen  cups/day) 

0.  No  data 
•1.  Rone 

2.  Less  than  1 cup 
3-  1-3  cups 

4.  4-6  cups 

5.  7-9  cup* 

• 6.  10-12  cups 

7.  Over  12  cups 

46.  BEER  INTAKE 
(Cans/week) 

0.  No  data 

1.  Nor.w 

2.  Less  than  1 can 
3-  1-2  cans 

4.  3-4  cans 
5-  5-6  cans 

6.  7-3  cans 
7-  9-10  cans 

8.  10-12  cans 

47-  COMBAT  EXPERIENCE 

0.  No  data 

1.  Nor.o 

2.  Wf  II-Eiropean  & 

It.  Africa 

3.  VM  II-So.  Pac. 

4.  ttt  II -A1  a ska 

5.  Vrf  Il-Iceland  4 
Creenl&nd 

6.  W Il-Jnpan 
7-  v»  n-cai 

8.  Korea 

9.  VM  II  4 Korea 

48.  PREVTCUS  COLD  INJURT 

0.  No  data 

1.  None 

2.  Frostbite 

3.  Trerchfoot 

4.  Chilblain 

5-  Fm-tblte  4 Trrnchfoot 
4.  Frostbite  6 Chilblain 

7.  Trenehfoot  4 Chilblain 

8. 

9- 


A 
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49-  ANATOMICAL  SITE  OK 
COLO  INJURY 

0.  No  data 

1.  None 

2.  Rt  Hand  only 

3.  It  Hand  only 

4.  Rt  Foot  only 

5.  Lt  Foot  only 

6.  Both  Feet 
7*  Both  Hands 

8.  Both  Hands  & reet 
9*  Pars*  Nose,  etc. 

30-51.  TEAR  OF  INJURY 


i 


52-53- 


5t-55  • 


cm 

TYPE  Or  00  IS  WrATiiER 
TPA1N1N J 


57.  NUMBER  OF  LECTURES- 

0.  No  data 

1.  None 

2.  1-2 

3.  3-4 

4.  5-4 

5.  7-8 

6.  9-10 
7.  11-12 

8.  Over  12 

9. 

58.  NUMBER  OF  FIJI'S 


63-44.  HIGHEST  SCHOOL  GRADE 
COMPLETED 

00.  No  data 


65-67.  AGCT  SCORE  AREA  I 
000.  No  da'.a 

mm 


0.  No  data 

68-70.  .*  ..  SCORE  AREA  111 

; ' 

00.  No  data 

1.  None 

l 

10.  None 

2.  1-2 

O.  Ro  data 

3.  3-4 

' 1 

1 

4.  5-6 

1 

l 

5.  7-8 

I 1 

, 

6.  9-10 

STATE  03  PUCE  WHERE 

7.  11-12 

71.  MILITARY  DISCIFUNART 

injury  OCCURRED 

8.  Over  12 

9. 

RECORD 

.t. 

00.  No  data 

0.  No  data 

99.  None 

59.  NUMBER  Of  DfJiONSTRATIONS  1.  None 

2*  Company  Punishment 

1 

1 

0.  No  data 

3.  Sutar.ary  Court  Martial 

r't  ■ . 

1 

1 

1.  None 

4.  Special  Court  Martial 

2.  1-2 

5.  General  Court  Martial 

ACTIVITY  AT  TIME 

3.  3-4 

6.  More  than  1 Co-pany 

L 

Or  INJURY 

4.  5-6 

Punishment 

5.  7-8 

7.  Mere  than  3 Suasv.ry  CM 

00.  No  data 

6.  9-10 

8.  More  than  1 Special  CM 

99.  None 

7.  11-12 

9.  More  than  3 of  above 

8.  Over  12 

• * 

72. 


0. 

1. 

?. 

J. 

?.. 

5. 

0 a 

7. 

8. 
?. 


No  data 
None 
Lectures 
riles 

Clotr.ir.;-  '.  e-o>:  ■.‘.rations 
Col-i  «f*  •«.  mt  0|>.-r.  tlonr. 
Co-rat  i.i  Cold  Her ions 
More  than  1 of  .Hove 


tC.  COLD  WEATHER  C'ERATIONS 

0.  No  data 

1.  None 

2.  1-2 

3.  3-4 

4 . 5-6 

5.  7-8 

6.  9-10 
7.  11-12 
3.  Over  12 


nJNfSSSE 

0.  t.o  data 

1.  None 

2.  Malaria 

3.  Jaundice 

4.  Pneumonia 

5.  UnJiag.  Fevers 

6.  Tuberculosis 

7.  Syphilis 

8.  l!e-aturia 

9.  More  than  1 of 


dove 


ci-62.  ;otal  amcunt  Of  i.'h.nv'cncK: 

00.  No  data 
99.  None 
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73.  PATIEJTS  ESTIMATE  OP 
TOOT  SWEATING 


77-78.  HOBBIES 


0.  No  data 

1.  Nona 

2.  Light 

3.  Moderate  (Avg.) 

A.  Hear/ 

%.  HANDEDNESS 

0.  No  data 

1.  Bight 

2.  Left 

3.  Ambidextrous 

75.  TRIGC31  HAND 

0.  No  data 

1.  Right  Hand 

2.  Left  Hand 

3.  Either  Hand 

76.  accioeit  pnc:;afESS 

0.  No  data 

1.  None 

2.  1-2 
3.  3 -A 
A.  5-6 

5.  7-8 

6.  9 or  over 

7>  Athletic  injuries  only 
8.  Accidents  and  athletic 
injuries 


00.  No  data 
53.  None 

□ 

80.  CARD  DESIGNATOR 

0.  Qjartermaster 

1.  Pre-Exposure  Quest. 

2.  Pre-Exposure  Biological 

3.  Epidemiological  Control 
A.  Stud/  Petlent 

5.  Eoutlne  Patient 

6.  ICC 

7.  Laboratory  Patient 

8.  Laboratory  Control 

9.  Pre-Exposure  Control 


9 


CODE  SHEET  FOR  PKE-EXPOSUR2  — BIOLOGICAL  SURVEX 


NAME 


RECORD'S 

CHECKER 


15-16 


1-4.  IDENTIFICATION  NUMBER 
OOOO.  No  data 


5-12.  SERIAL  NUMBER 


00000000.  No  data 


13.  PERSONAL  HTCIENE 


0.  No  data 

1.  Excellent 

2.  Good 

3.  Poor 

U.  BODT  TTPE 

0.  No  data 

1.  Ecto-corph 

2.  Eeto-resorr.orph 

3.  Mcsocorph 

4.  M-cjo- Er.do  Morph 

5.  &ido  Morph 


a. 

9. 


17-19. 


20-22. 


23-25. 


HEIGHT  IN  INCHES 

27-28. 

BLOOD  FLOW  - SECONDS 

00.  No  data 

PRESSURE  ON  GREAT  TOE 

01.  Below  60 

00.  No  data 

02.  60 

03.  61 

04.  62 

05.  63 

cm 

06.  64 

29-30. 

COLD  AGGLUTININ  TITER 

07.  65 

08.  66 

00.  No  data 

09.  67 

01.  Negative 

10.  68 

02.  1:2 

11.  69 

03.  1:4 

12.  70 

04.  1:8 

13.  71 

05.  1:16 

14.  72 

06.  1:32 

15.  73 

07.  1:64 

16.  74 

08.  1:128 

17.  75 

09.  1:256 

18.  76 

10.  1:512 

19.  Over  76 
WEIGHT  IN  POUNDS 

11.  1:1024 

12.  1:2048  and  over 

000.  No  data 

31-32. 

ACE  OP  SAMPLE  (DAIS) 

00.  No  data 


PULSE  RATE/KIN  (RESTING)  

80.  CARD  DESIGNATOR 

OCO.  No  data 


[ 

ORAL  TEMPERATURE 


000.  No  data 

o 


0.  Quartermaster 

1.  Pre-fcpojure  Quest 

2.  Pre-Exposure  Biological 

3.  Epldeniclogical  Control 

4.  Study  Patient 

5.  Routine  Patient 

6.  ICC  Patient 

7.  Laboratory  Patient 

8.  Laboratory  Control 

9.  Pro-Exposure  Control 


26.  GROSS  SWEAT  EXAM 

0.  No  data 

1.  Light 

2.  Moderate 

3.  Heavy 

4. 

5. 

6. 


204 


ARMY  MEDICAL  RESEARCH  LABORATORY 


FORT  KNOX,  KENTUCKY 


REPORT  NO.  113 
1 April  1953 


COLD  INJURY  - KOREA  1951-52* 


( Section  IV 

EPIDEMIOLOGY  OF  FROSTBITE.  KOREA,  1951-52 


#Subt*»k  under  Environmental  Physiology,  AMRL  Project  No.  5-64-12 
028,  Subtask  (8K),  Cold  Injury  Studies. 


McOICAL  RESEARCH  ANO  DEVELOPMENT  00AR0 
OFfiCE  OP  fi‘Z  SURGcON  GENERAL 
DEPARTMENT  Of  THE  ARMY 


I 


SECTION  IV 


EPIDEMIOLOGY  OF  FROSTBITE 
KOREA,  1951-52 


by 


Leonard  K.  '"hraan 
Ctadr.,  Senior  Surgeon,  USPHS 


203 


RESTRICTED 

Stent)  ItfjrMte 


S^STr.iCTtD 

!t 


; 


1 


■A  . -•'* 


TABLE  OF  CONTBITS 


RESTRICTED 

klvritw 

I.  Introduction 

II.  The  Problem 

III.  Objectives 

IT.  General  Description  of  Locale 
V,  Method  of  Survey 

VI.  Incidence 

A.  General 

B.  Relative  Attack  Rates  for  United  Xation  Forces 

C.  Monthly  Incidence 

D.  Weekly  Incidence 

E.  Occupational  Selectivity 

F.  Unit  Attack  Rates 

G.  Degree  and  Site  of  Injury 

H.  Hour  of  Onset  of  Injury 

VII.  Agent  Factors 

VIII.  Environmental  Factors 

A.  Weather  - General 

B.  'Weather  and  Incidence  of  Frost-bite 

C.  Weather  and  Severity  of  Injury 

D.  Duration  of  Exposure 

E.  Duration  of  Exposure  and  Severity  of  Injury 

F.  Gradient  of  Injury 

G.  Weather  Type 

H.  Terrain 

I.  Condition  of  Ground  Surface 

J.  Combat  Action 

K.  Shelter 

L.  Clothing 

M.  Relation  of  Condition  of  Extremities  to  Frostbite 

It.  Foot  Hygiene  and  Change  of  Footwear 

O.  Corr.nand  Leadership  and  Morale 

P.  Cocibat  Experience 

Q.  Cold  Weather  Training  . 


nE$i:.:cTiD 

burt}  »*!*»**!*» 


206 


TABLE  Or  CONTENTS  (Cont.) 


RESTRICTED 

jtonti  blmatw 

n.  Host  Factors 

A.  Age 
3.  Rank 

C.  Previous  Cold  Injury 

D.  Previous  Illness 

K.  Condition  of  Patient  at  Time  of  Injury 
F.  nutritional  Status 

C.  Fatigue 

H.  Tobacco 

I.  Inherent  Constitutional  Factors 

J.  Psychosocial  Factors 
I.  Race 

L.  Climatic  Region  of  Origin 

jj.  Acclimatization  vs.'  Accustcmization 

X.  Sumary  and  Conclusions 


XI.  Rsccrcendations  for  Prevention 


XII. 

XIII. 


Jtjcorriendctions  for  Further  Study 


Appendix  I - 


Miscellaneous  Tables  {Tables  6a,  6b,  6c,  6d,  7a, 
7b,  67,  68,  69  and  50  are  not  referred  to  in  the 

text). 


Appendix  II  - Miscellaneous  Figures 


■*  v 
■+  * 


RESTriCIED 


I 


w— -it  f a ■ jfc  V.H  ■■  ssmfcdr*  aw >* My*.** 


restricted 

kurt»  Wnita 

KPXDEXIOLOCI  OF  FROSTBIT* 

KOREA,  1951-52 

I.  INTRODUCTIOW 

Epidemiology  Is  the  study  of  the  Bass  phenomena  of  disease.  Its 
principles  were  developed  as  an  approach  to  the  understanding  and  meas- 
urement of  the  Interrelationships  between  the  agents  of  disease  and  the 
host  whose  receptivity  Is  Modified  by  varying  environmental  factors.  It 
was  only  natural  that  epidemiologic  principles  should  first  have  been 
applied  to  the  communicable  diseases,  for  the  dynamic  changes  involved 
la  acute  outbreaks  or  epidemics  of  Infectious  disease  were  dramatic, 
fairly  obvious  and.  In  many  cases,  readily  measurable.  Moreover,  these 
diseases  drew  attention  to  themselves  by  their  rapid  and  frequently 
cyclic  production  of  excess  mortality.  Small  wonder  then  that  epidemi- 
ology saw  its  birth  and  development  In  the  Infectious  diseases.  Chronic 
dlses.se,  with  its  less  dr^ratic  and  insidious  progress,  its  endemicity 
as  opposed  to  acute  or  epidemic  outbreaks  and  the  sublety  of  its  eti- 
ology, did  not  receive  epidemiologic  attention  until  relatively  recent 
years  (1,  2,  3). 

The  application  of  this  regimen  to  the  study  of  trauma  was  In- 
evitable (i»),  for  the  techniques  of  epidemiology  are  designed  to  assess 
environmental  codifying  factors,  mode  of  application  of  the  etiologlc 
agent  and  variations  In  host  susceptibility  irrespective  of  the  form  or 
character  of  the  etlologic  agent  itself  (5).  Only  the  agent  varies 
radically  in  fora  in  the  host-a&*tit-en<rlrorr.cnt  complex.  Yet  this 
variance  is  superficial  for  the  end  re  cult  of  the  application  of  any 
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•gent  Is  dais*  *e  to  tissue,  whether  It  be  the  toxin  of  the  diphtheria 
bacillus  in  a susceptible  child  living  In  • crowded  institution,  • 
•oving  part  of  an  unprotected  piece  of  aaehlnery  on  the  hand  of  a 
etaap-dill  operator  In  industry,  arsine  gas  Inhaled  unsuspectingly  by 
workers  in  lead-reclaiming  processes  or  freetlng  temperatures  on  front- 
line infantrymen  pinned  down  by  enemy  fire  on  a patrol.  Wiayne  (6) 
has  set  forth  the  parallellsas  between  the  host-parasite-er.vironoent 
relationship  in  infectious  disease  and  the  host-agont-envirorraent  eon- 
plea  in  trauma  such  as  cold  injury.  He  also  has  demonstrated  the 
fruitfulness  of  the  epldooiolcgie  approach  to  the  study  of  one  type 
of  cold  Injury,  namely,  trenchfoot. 

The  Korean  War  has  afforded  an  opportunity  to  study  another 
and  Bore  sov-re  type  of  cold  injury,  frostbtte.  Orr  and  Fainer  (7) 
havo  described  such  :iss  traura.  Both  of  these  authors  and  Vhayne 
have  posed  several  significant  problems  in  the  evaluation  of  the  re- 
lationship between  the  scent,  cold,  the  host,  the  front- line  rlflrmnn 
and  the  envirrnnental  factors. 

Epidemiology  should,  then,  be  eore  properly  redefined  as  the 
study  of  the  mass  phenomena  of  disease  or  trauma,  i.e.  the  knowledge 
of  tho  agent,  noli  Tying  host  and  cnvlrornentat  factors  ami  their  inter- 
rolatlcnshios.  Since  the  goal  of  epidemiology  is  prevention  and  since 
cold  injury  remains  an  important  problems  In  military  operations  the 
arressnent  of  these  mint  ion:  hips  takes  on  a special  significance  if 
the  problem  le  to  be  resolved  or  at  least  reduced  to  an  insignificant 
cinisvn.  Sene  cold  injury  probably  alveu/a  will  occur,  for  even  with 
a perfect  he.it-n-t-iintng  ur.d  ventilating  cor-.tv.t  unifoni  and  nearly 
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perfect  Kind  end  footgear,  extenuating  circumstances  of  duration  of 
exposure,  pinning  enemy  fire,  da.-n.ige  to  clothing,  extreme  personal 
neglect  and  poor  command,  to  name  hut  a few,  will  operate  from  time 
to  tlae  to  produce  an  end  sale  Incidence  of  cold  Injury.  These  re- 
lationships Must  be  appraised  to  the  end  that  the  Incidence  of  such 
Injuries  will  be  contained  at  or  near  the  Irreducible  minimum. 

II.  THE  PRC  HUH 

In  the  e email  cable  diseases  three  points  of  sttsck  are  pos- 
slble  though  not  always  practical  In  control.  The  agent  (or  Its 
reservoir)  nan  be  eradicated  as  In  the  destruction  of  tuberculous 
cattle.  Its  transmission  can  be  Interrupted  as  In  the  Isolation  of 
cases  of  Infectious  disease  or  as  In  the  eradication  of  the  vector 
(for  er-tL-jple  the  anophellne  mosquito  In  malaria).  Finally  the  sus- 
ceptibility of  the  host  esn  be  reduced  by  providing  adequate  nutrition 
and  maintaining  healthy  physiologic  processes  thus  enhancing  his  re- 
sistance by  developing  an  active  acquired  lanunity. 

In  cold  injury  the  agent  cannot,  unfortunately,  be  eradicated, 
for  as  long  as  warfaro  is  conducted  in  cold  climates,  low  temperatures 
will  always  be  operative.  Again,  the  agent  cannot  be  Isolated  unless 
the  locale  for  such  warfare  Is  avoided.  However,  an  attempt  can  be 
made  to  Interfere  with  the  "transmlsrlen  of  the  agent"  by  reducing 
heat  loss  In  every  conceivable  way.  This  nay  be  done  by  increasing 
host  resistance  by  enhancing  whatever  factors  contribute  to  this  re- 
sistance, or  reducing  surecptlbll Ity  by  minimising  or  abolishing  those 
factors  which  ircreass  the  susceptibility  of  the  host. 

At  the  end  of  V'or’d  War  II  certain  pertinent  problems  In  cold 
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Injur/  remained  unanswered  (6).  To  mention  a few,  low  temperature  as 
the  agent  had  not  been  completely  explored  and  quantitated  in  estab- 
lishing a gradient  of  injur/,  nor  had  attempts  at  measuring  predict- 
ability fron  anticipated  temperatures  been  successful.  The  relation 
of  duration  of  exposure  to  temperature  as  an  index  to  injury  had  not 
been  delineated  and  the  synergistic  effect  of  wetness  had  not  been 
completely  evaluated. 

Sinilarly,  factors  modifying  host  resistance  or  susceptibility 
remained  to  be  quantitated  end  their  interactions  assessed.  Among 
these  are  previous  cold  injury,  nutrition,  fatigue  as  a product  of 
the  intensity  and  duration  of  stress,  training,  race,  geographic  origin 
and  possible  acclimatization,  inherent  constitutional  factors  and  such 
psychosocial  factors  as  morale,  motivation  and  intelligence. 

Tha  soelooconcciic  aspect  s of  environment  also  were  not  without 
their  unanswered  or  inadequately  defined  problosa.  Tht  role  of  in- 
tensity of  cor, list  activity  remained  an  elusive  quantitation  as  did 
shelter,  clothing,  foot  discipline,  leadership  and  unit  experience* 

Thus  tho  studies  of  the  European  Theatre  of  Operation  begged 
r.ot  only  for  repetition  in  application  to  frostbite  but  also  for  ex- 
tension In  the  hope  of  clarifying  at  least  a few  of  the  relationships. 
The  Korean  conflict  thus  bec.v.e  tfws  field  study  laboratory  in  the  epi- 
d-miologic  approach  to  cold  injury. 

In  U.o  winter  of  1750-51  a systematic  attempt  to  analyze  the 
i i’ltlplo  factors  uont.-ibuti:.’  to  rt^s  frostbite  in  .military  operations 
vis  *v  do  (7).  In  tlie  winter  of  1 '.’51-53  a more  detailed  study  directed 
at  ipn-rtit  vting  end  clarifying  U.o  roles  of  the  several  modifying  factors 
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was  undertaken.  - This  report  deals  with  the  latter  epidemiologic  In- 
quiry. 

m.OBJSCTITCS 

The  principle  objectives  of  this  epldealologle  study  Included! 

1)  A general  description  of  the  over-all  frostbite  Incidence 
and  Its  relation  to  the  military  probleat. 

2)  The  delineation  and  assessment  of  the  multiple  factors 
modifying  the  host-agent  relationship  In  cold  injury. 

3)  The  determination  of  those  fectora  or  attributes  which 
determine  that  one  soldier  shall  be  traumatized  by  low 
tenperatures,  while  another  escapes  although  both  are 
subjected  to  the  ease  stress  In  tine  and  place. 

k)  As  an  outgrowth  of  these  studies,  the  recasoendatlon  of 
certain  measures  to  be  applied  toward  the  prevention  or 
at  least  the  Blninisatlen  or  cold  Injury  anong  troops 
operating  In  subarctic  or  arctic  climates. 

iv.  r^TTnoT  op  w iochz 

The  Korean  terrain  encompassing  the  Main  Line  of  Resistance  la 
nountainou$  with  narrow  valleys  on  the  east  but  with  lower  Mils  and 
broader  valleys  on  the  west.  Rivers  are  shallow  except  during  the 
spring  freshets  and  summer  rains.  The  climate  has  been  described  In 
Section  I of  this  report  and  the  temperature  ranges  pertinent  to  this 
analysis  will  be  discussed  below.  The  repeated  forward  and  retrograde 
•Oveuents  of  cerabatant  forces  have  produced  devastation  of  villages  in 
the  battle  tone,  thus  rarely  providing  ahelter  In  native  huts  end 
buildings. 
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IV-  ing  tha  winter  of  1951-52  the  flrat  cold  weather  fennel  the 
IVilted  Nr'. Ions  troops  on  a stabilized  line.  Heavy  coebet  was  leas 
frequent.  Host  of  the  troops  were  in  bunkers  and  well-developed  fax- 
holes,  although  several  units  found  then selves  enlarging  foxholes  and 
Wilding  bunkers  in  sectors  previously  held  by  South  Korean  (BOK) 
troops.  Except  for  sporadic  eneny  attacks  of  regimental  site  during 
this  interchange  of  troops  positions,  when  the  teoperaturer  began 
da  upping  and  snow  began  to  fall,  the  action  along  the  front  was  rela- 
tively Blnlaal  and  was  characterized  predominantly  by  patrolling  and 
line  holding  in  static  defense.  This  was  in  narked  contrast  to  the 
active  offense  and  retrograde  movement  preceding  the  Hungnaa  evacuation 
in  the  winter  of  1950—51.  Combat  activity  in  its  full  range  did  not 
occur  in  the  winter  of  1951-52  and  Its  role  in  the  production  of  frost- 
bite could  not  bo  completely  neasumd.  A front  engaged  in  static  de- 
fen-a  did  present  relative  stability  or  constancy  of  cnvironicent  end 
activity  *o  that  othor  variables  of  host-agent  relationships  could 
asro  readily  be  analyzed.  Such  action  permitted  "on-the-llno*  investi- 
gation of  factors  leading  to  cold  injury  and  the  careful  selection  of 
"tinker-rate"  controls. 

?.  K?n;oD  o?  surrer 

Field  conditions  rarely  pora.it  the  control  of  one  variable  so 
tfc.it  variations  in  others  nay  ba  observed.  Kor  is  it  always  desirable 
to  do  this  for  t^e  "norsality"  of  Interactions  are  interfered  with  and 
th>  true  relationships  between  factors  obscured.  The  survey  approach 
r’7  elicit  data  in  vertical  (cross-sectional)  or  longitudinal  (a  con- 
tinu'd! In  tire)  fashion.  It  la  a useful  tool  and,  when  applied  prior 


RESTRICTED 

fcorty  MqMM 

to,  concurrent  with  end  following  an  incident  or  incidents,  will  pro- 
serve  the  "no real"  relationships  in  their  true  perspective  and  permit 
valid  Interpretations. 

The  survey  approach  was  applied  to  this  epidemiologic  study  for 
both  cases  and  controls*  A standard  code  sheet  (see  General  Summary) 
was  utilised  for  both  groups.  Interviewing  was  on  the  basis  of  pro- 
determined  standards  and  question  content  and  this,  for  the  most  part, 
minimised  differences  In  technique.  Such  differences  in  technique  arc 
described  In  tho  pertinent  sections  in  which  they  occur.  The  epidemi- 
ologic controls  were  Interviewed  In  all  instances  by  the  author  with  but 
few  exceptions.  These  exceptions  Included  the  controls  of  the  65th 
Regiment  (Puerto  Rican)  who  were  interviewed  by  a Spanish-speaking 
Previntive  Medicine  Officer  and  those  of  the  Thailand  Battalion  and 
Ethiopian  forces  who  were  interviewed  by  their  respcetlvo  battalion 
surgeons.  These  officers  were  oriented  and  Indoctrinated  Intensively 
In  the  objectives  of  the  survey  and  the  proper  use  of  the  code  sheet. 

Since  cold  Injury  had  been  shown  to  be  primarily  an  occupational 
disease  of  front-line  riflemen  (6,  7)  the  evaluation  of  factors  contrib- 
uting to  excess  cold  Injury  In  this  group  would  preferably  be  predicated 
upon  comparisons  with  suitable  controls,  drawn  as  a sample  from  the 
smallest  possible  functional  units  so  that  the  geographic  location, 
tine  of  oxposure  and  general  type  of  activity  for  both  case  and  control 
would  be  Identical.  In  this  way  similarity  or  identity  of  stress  for 
the  two  groups  would  be  achieved.  This  method  of  selection  has  led  to 
the  torts  "bunker-fiate"  controls  for  the  control  group.  This  approach 
had  as  its  goal,  the  exploitation  for  the  occurrence  of  frostbite  in 
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one  Individual  and  not  In  another  under  identical  stress. 

With  each  outbreak  of  frostbite  cases,  the  divisions  contribu- 
ting to  the  case  load  were  visited  and  vital  data  were  obtained  on 
each  case.  This  included  the  unit  of  origin,  race  and  approximate 
time  of  injury.  Conferences  were  then  arranged  with  regimental  and 
battalion  surgeons  and  unit  commanders  (battalion  or  company)  for 
purposes  of  determining  the  exact  activity  and  location  and,  as  ac- 
curately as  possible,  the  time  of  onset  of  the  patient's  Injury. 

With  this  information  confirmed  by  unit  records  the  control  subject 
for  interview  was  then  selected  fren  the  same  squad  or  bunker  from 
which  the  case  originated,  thus,  if  frostbite  was  incurred  on  a 
patrol,  the  control  to  bo  selected  liad  to  be  on  the  same  patrol,  in 
the  same  location  and  engaged  in  virtually  the  same  general  activity 
as  the  case.  If  injury  occurred  on  a vehicle,  the  control  selected 
was  a member  of  the  same  trip  on  the  same  vehicle;  if  on  the  Hain 
Line  of  Resistance  in  a foxhole  or  bunker,  a forjulo  mate  or  bunker- 
mate.  A comparison  of  distributions  \rj  unit  ani  combat  role  for  cases 
and  bunker-mate  controls  is  presented  in  Tables  1 and  2,  respectively. 
Because  of  the  small  percentage  of  I.'egro  troops  in  Tront-Iine  units 
(9.C?)  the  control  group  revealed  a race  distribution  similar  (8.1?) 
to  the  front  as  a whole  rather  than  reflecting  the  relative  incidence 
(Table  3).  This  becomes  understandable  when  it  is  realised  that  a 
squ.id-s'xed  p.itro!  with  one  Negro  would  have  r.e  Negroes  left  for  Inter- 
viewing if  cold  injury  claimed  the  one.  Since  selection  of  controls 
was  primarily  on  the  l-isis  of  similarity  of  stress  a race  for  race 
.•.election  could  not  be  made.  This  is  not  a defect  as  will  be  de- 
scribed 'Wider  "Race"  below. 
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TABU  1 

DISTRIBUTION  OF  716  UNITED  STATES  CASES  OF  FROSTBITE 
ACCORDING  TO  UNIT  AND  COMBAT  ROLE 


Nuaber  of  Cases 

Unit 

Total 

Infantry 

Battalions 

Other 

Divisional 

Units 

H 

% of 
Grand 
Total 

NO._ 

% Of 

Division 

Total 

No. 

* Of 

Division 

Total 

1st  Cavalry  Dlrlaloo 

9 

1.3 

n 

88.9 

1 

11.1 

1st  Karina  Division 

10 

1.4 

B 

80.0 

2 

20.0 

2nd  Infantry  Division 

24 

3.4 

16 

58.3 

10 

41.7 

3rd  Infantry  Division 

98 

13.7 

S8 

89.8 

10 

10.2 

7th  Infantry  Division 

200 

27.9 

179 

89.5 

21 

10.5 

24th  Infantry  Division 

76 

10.6 

63 

82.9 

13 

17.1 

25th  Infantry  Division 

67 

6.6 

'33 

70.2 

14 

29.8 

40th  Infantry  Division 

64 

8.9 

55 

85.9 

E 

14.1 

45th  Inf'iirr  Division 

12? 

7? 

mn 

H 

25.6 

Total  in  Divisions 

653 

91.3 

541 

82.8 

112 

17.2 

BUS 

■ 

Klsc.  Btb  Aray  Units 

55 

■a 

B 

■HB 

B 

— 

Dnlt  Unknovn 

6 

B 

B 

B 

B 

— 



Grand  Total 

716 

100.1 

■ 

■ 

r-si  ;:ra 


216 


I 


RESTRICTED 


distribution  ok  455  hunker-hate  controls 

ACCORDING  TO  UNIT  AND  COMBAT  ROLE 
KOREA,  1951-52 


Unit 

Number  of  Controls 

Total 

I 

Da 

nfantry 

.talions 

Other 

1 Divisional  Units 

tlo. 

% of 

Grand 

Total 

No. 

% of 
Division 
Total 

No. 

% of 
Division 
Total 

3rd  Infantry  Division 

57 

12.5 

57 

100.0 

_ 

7th  Infantry  Division 

162 

35-6 

162 

100.0 

- 

- 

24th  Infantry  Division 

47 

10.3 

39 

83.0 

8 

17.0 

2Sth  Infantry  Division 

14 

3.1 

13 

92.9 

1 

7.1 

40lh  Infantry  Division 

5 a 

12.8 

51 

87-9 

7 

12.1 

45th  Iniantry  Division 

25.7 

74.4 

30 

25.6 

Total 

455 

100.0 

409 

89.9 

46 

10,1 

TABLE  3 


DISTRIBUTION  OK  716  C ACT’S  0?  FROSTBITE  AND 
455  BUNtEl-KATZ  CONTROLS  ACCORDING  TO  RACE 
KCRTA,  1951-52 


Race 

C 

Controls 

% 

No. 

< 

White 

417 

63.2 

407 

89.5 

Ne>jro 

291 

40.6 

37 

8.1 

Mongol  I an 

8 

1.1 

11 

2.4 

Total 

716 

99.9 

455 

100.0 

Sufficient  time  was  taken  with  each  subject  to  establish  rapport 
and  assure  him  the  interview  was  confidential  and  unrelated  to  any 
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eenaind  investigation.  Every  effort  Mas  Bade  to  fix  the  incident 
In  the  subject’s  mind  to  facilitate  recall  of  details.  For  example, 
this  frequently  involved  refreshing  the  subject’s  sensory  on  the 
tactical  details  of  the  petrol  and  using  area  saps  in  tracing  the 
specific  activity.  An  stteapt  Mas  made  to  interview  control  sub- 
jects as  soon  as  possible. after  eases  occurred.  In  no  instance  did 
■ore  than  3 ueeks  elapse.  As  an  indication  of  the  general  reliability 
of  the  data  collected  in  this  fashion  there  nay  be  mentioned  that  for 
455  instances,  only  In  26  or  5»7JC  were  disparities  noted.  These  were 
corrected  according  to  the  more  reliable  information  of  the  unit 
commander  or  medical  eorpsaan.  Subjects  were  usually  Interviewed 
in  the  relative  privacy  of  battalion  aid  stations,  regimental  col- 
lecting stations  or  in  forward  bunkers  without  the  presence  of  their 
commanding  officers. 

Further  data  for  comparative  purposes  were  derived  from  the 
pre-exposure  studies  independently  conducted  on  a cross-section  of 
front-line  replacements.  These  served  as  a sample  of  the  front  as 
a whole  and  will  be  referred  to  as  pre-exposure  controls. 

Data  relative  t unit  strength,  incidence  of  battle  casualties, 
non-battle  Injuries  and  specific  disease  admissions  were  obtained  from 
the  statistical  office  of  Eighth  Army  Medical  Section.  Data  on  unit 
geographic  dispositions,  tactical  deployment  and  grading  of  activity 
were  obtained  froa  the  Historical  Section  of  Operations  (G-3)  Eighth 
Army  Headquarters.  Cradlng  of  activity  for  regimental  units  was 
based  on  the  color-code  technique  of  the  Historical  Section  and  in- 
cluded: patrol  with  enemy  contact,  patrol  without  enemy  contact. 
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light  action  (elements  less  than  one  battalion  involved),  Moderate 
action  (elements  of  one  battalion  or  portions  of  two  or  sore  battallona 
involved)  and  heavy  action  (all  elements  of  two  or  more  battalions 
involved). 

VI.  lUCItg.’CS 
A.  General 

Ihe  winter  campaign  of  1951-52  in  Korea  yielded  fewer, 
eases  of  frostbite  than  did  the  operations  during  the  pre- 
vious winter.  The  disparity  in  the  two  series  can  readily  be 
accounted  for  by  the  relatively  moro  quiet  and  static  front 
in  1951-52  as  compared  to  the  active  offense  and  defense 
aol  rapid  retrograde  movements  in  1950-51,  the  colder  zone 
of  combat  operations  in  1950-51  (see  Keteorologic  Section) 
and  the  more  adequate  clothing  supply  in  1951-52  (see  Quarter- 
master Section). 

A total  of  1,044  cases  of  frostbite  was  officially  re- 
corded among  United  N'ations  troops  in  Korea  in  the  winter 
of  1951-52.  Cf  these,  the  majority  (716)  occurred  in  the 
United  States  Eighth  Amy  (Table  4)  and  represented,  with 
those  of  the  Ethiopian  fccped! tior-ary  Forces,  Thailand  Bat- 
talion, Colombian  Battalion  and  Philippine  Expeditionary 
Forces,  the  cases  confirmed  by  the  Cold  Injury  Research 


B.  Relative  Attack  Kates  for  the  United  Stations  Forces 

The  over-all  United  States  Eighth  Amy  rate  'was  1.04  per 
1,‘.00  atri.igth  for  the  entiro  p*r!'>d  In  which  cold  injury 
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occurred.  In  comparing  the  Incidence  rates  among  the  several 
component  United  Nations  forces  one  Is  Immediately  struck 
with  the  ouch  lower  rate  (0.93  per  1,000)  for  the  ROIC  troops. 
TABUS  4 

TOTAL  INCIDENCE  OF  UNITED  NATIONS  FROSTBITE  CASES  IN  KOREA, 

WINTER  OF  1951-52,  ACCORDING  TO  CCUXTRI  OF  ORIGIN  OF  TROOPS 


21.8 

0.93 

4.0 

33.65 

2.9 

21.47 

1.6 

0.90 

1.0 

9.24 

0.1 

0.72 

100.0 

2.07 

United  States  (8th  Artsy) 

South  Korea  (ROK) 

Ethiopia  (Expeditionary  Force) 
Thailand  (Battalion) 

United  Kingdom  (Cc.:«onvealth  Dir.) 


Philippines  (Battalion  Cochat  Teats) 
Belgium  (United  Nations  Forces) 
France  (infantry  Battalion) 

Creece  (Expeditionary  Force) 
Netherlands  (Potachaont) 

Turkey  (Araod  Forces  Ccrrsand) 


Total 


Confirmed  by  Cold  Injury  Team 

The  question  of  relative  susceptibility  or  acclimatization 
Immediately  arises.  Are  the  South  Koreans  noro  "itcrune"  to 
cold  by  having  lived  primitively  in  this  terrain  for  centur- 
ies? In  this'  regard,  attention  aust  be  called  to  the  fact 
that  the  Korean  winter  cllnate  dons  not  differ  significantly 
frora  tho  clir-ato  of  Northeastern  United  States.  How,  then, 
can  one  account  for  this  disparity?  In  the  opinion  of  the 
authors  the  incidence  figure  fer  EC'S  troops  vns  not  reliable 
Thoro  was  reason  to  bolleve  that  the  bulk  of  first  degree 
uni  a not  insignificant  rue  b: r of  second  degree  cases  eithar 
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never  cane  to  radical  attention  or  were  not  evacuated  froa 
the  front  linos.  Assuming  that  the  official  incidence  data 
were  lacking  only  in  first  degree  cases  apd  correcting  for 
ROK  divisions  cn  the  Main  Line  of  Resistance  only  (excluding 
the  divisions  in  training  and  those  engaged  in  Operation 
Ratkiller  - guerrilla  warfare  in  Southwest  Korea)  the  cor- 
rected incidence  rate  becomes  2.51  per  1,000  for  the  entire 
experience  which  begins  to  approach  the  incidence  in  the 
Eighth  Aimy  as  a whole.  Personal  field  observation  seemed 
to  indicate  that  poorer  bootgear  was  being  worn  by  the  BOK 
troops.  This  would  normally  operate  in  the  direction  of 
producing  more  cold  injury  and  a lower  figure  would  lend 
some  support  to  the  theory  of  greater  resistance  to  cold 
among  the  Koreans.  However  since  adequate  data  relative  to 
bootgear  and  other  clothing  were  not  available  for  quanti- 
tation, correction  for  this  factor  was  not  possible.  Thus 
substantiation  of  any  hypothesis  of  difference  in  suscepti- 
bility is  difficult. 

Attention  is  next  directed  to  the  low  incidence  of  frost- 
bite among  United  Kingdom  troops.  A cursory  comparison  of 
the  rate  (0.9  per  1,000) » to  the  over-all  Eighth  Amy  rate 
was  of  course  not  valid  for  the  latter  includes  airy  and 
corps  support.  Reference  to  Table  5 reveals  a rate  of  5-95 
per  1,000*  fer  all  United  States  divisions.  The  British 
Commonwealth  Division  rate  was  thus  approximately  one-sixth 


* For  total  5 month  period. 
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of  the  total  United  States  divisional  rate.  Comparison, 
however,  with  individual  divisional  rates  (Table  6)  placed 
the  British  Cocaonwealth  Divison  at  about  the  level  of  the 
United  States  2nd  Infantry  Division  (1.2  per  1,000)*.  One 
reason  which  nay  be  advanced  for  this  low  rate  was  the  signifi- 
cantly higher  average  minima  temperatures  to  which  the  British 
Cofcaonwealth  Division  was  exposed  in  occupying  the  southwest 
anchor  of  the  line  as  compared  to  the  United  States  divisions. 
In  addition,  the  intensity  of  combat  in  this  sector  was  milder 
than  for  most  other  sectors  along  the  front. 

The  Ethiopian  Expeditionary  Force,  a battalion  sl2e  contin- 
gent, had  the  highest  incidence  of  fro  tbits  in  this  experience 
when  compared  with  the  Eighth  Army  as  a whole  (Table  4).  Even 
when  equalization  for  size  of  unit  was  considered  this  unit 
Jud  approximately  three  times  the  rate  of  the  average  United 
States  battalion  (Table  5).  This  rate  was  exceeded  only  by 
ono  United  States  battalion  (2nd  Eh.,  17th  Reg.,  7th  Div.) 
the  bulk  of  whose  injuries  occurred  while  wearing  leather  com- 
bat boots  in  a snowstorn  during  an  eneay  attack.  Because  of 
language  difficulties,  it  was  not  possible  to  assess  contribu- 
tory factors  in  this  situation.  The  Ethiopian  Force  cane  from 
stellar  terrain  in  their  native  Land  with  a wide  range  of 
temperature  extremes.  It  is  presumed,  but  not  claimed,  that 
poor  orientation,  lack  of  cold  weather  training  and  experience. 


inadequate  utilisation  of  gear  and  onr.-y  attack  contributed 


* For  total  5 co.ath  period. 
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to  this  excess  morbidity.  The  role  of  race  is  not  clear  but 
it  must  be  borne  in  mind  in  view  of  the  significant  excess 
morbidity  among  United  States  Negro  troops.  This  factor  may 
have  predominated  for  the  Ethiopians  as  well. 

The  Thailand  Battalion  received  replacements  during  a severe 
drop  in  tesperature.  They  had  the  misfortune  of  having  to 
move  during  a snowstorm  with  several  vehicles  breaking  down 
and  slowing  the  convoy.  This  group  came  directly  from  Thailand 
with  its  subtropical  temperatures  to  a subarctic  zone.  They 
had  no  previous  cold  weather  training  or  orientation  in  the 
use  of  cold  weather  gear  and  the  need  for  muscular  movement 
when  isDobillzed  in  cold.  Their  over-all  period  rate  was  twice 
that  for  the  average  United  States  battalion. 

The  Colombian  Dattallr  t experienced  a rate  about  equal  to  the 
average  United  States  battalion  rate  of  cold  Injury. 

C.  Monthly  Incidence 

The  first  outbreak  of  frostbite  in  the  winter  of  1951-52  in 
lore#  occurred  late  In  November-  This  first  peak  of  injuries 
not  only  was  the  largest  peak  of  the  winter  season  ‘but  consti- 
tuted of  the  entire  Eighth  Arcy  experience  (fig.  l).  The 
entire  month  of  December  produced  less  than  one-third  the  num- 
ber of  injur*- e which  occurred  in  the  last  week  in  November 
even  though  the  means  of  the  average  daily  temperatures  were 
virtually  identical  In  the  two  periods  and  the  mean  mlnLmvn 
temperature  2 degrees  (F.)  colder  In  December  (Appendix  Table  l) 


The  najorlty  of  injuries  In  November  oeeurrel  in  two  divisions 
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and,  more  specifically,  in  three  regiments  engaged  in  taking 
over  ROK  positions.  While  attempting  to  enlarge  foxholes  and 
bunkers  the  enemy  attacked  the  battalion  positions  with  regi- 
mental-size forces.  The  troops  had  gone  into  their  new  posi- 
tions wearing  leather  combat  boots  because  of  favorable  weather. 
The  enemy  struck  as  temperatures  declined  and  snowstorms  de- 
veloped. This  was  the  first  cold  period  of  the  winter. 

Blair  and  Mmitro'ff  (8)  have  postulated  a lack  of  ac- 
climatization at  the  onset  of  cold  weather -pointing  to  a 
similar  massive  outbreak  of  injuries  at  the  onset  of  cold 
weather  in  the  Korean  winter  of  1950-51.  The  data  of  both 
seasons  supports  such  a view,  but  it  is  obvious  that  cazhat 
activity  with  its  imoMlizing  action  and  inadequate  boot- 
gear  manifestly  contribute!  to  the  exeess  incidence. 

January  and  February  Increases  in  incidence  were  primarily 
temperature  effects  on  an  otherwise  static  front.  Rising 
temperatures  in  March  srd  the  completion  of  issue  of  the  new 
Insulated  rubber  c cobat  beet  contributed  to  the  marked  drop 
in  incidence  in  that  month.  Further  temperature  correlations 
with  daily  incidence  will  be  discussed  in  the  subsection  on 
"Physical  Environment". 

D.  Weekly  Incidence 

Weekly  incidence  rates  reflected  p5*evailing  low  temperatures 
or  sudden  drops  In  temperature  and  presence  of  units  in  front- 
line positions  (Appendix  Table  2). 

S.  Occupational  Selectivity 

It  has  been  shown  (6)  that  eold  injury  Is  a disease  of  front- 
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line  riflemen  and  may  correctly  be  classed  aa  occupational 
trains . This  concept  ia  readily  acceptable  i*en  considering 
the  iasobility  of  troops  under  enesy  barrage.  It  is  the 
front-line  rifleman  who  ia  pinned  down  by  eneqy  attack  and 
especially  so  on  active  defenae.  It  waa  interesting  to  ob- 
serve whether  conditions  of  static  defenae  also  would  con- 
centrate such  Injuries  among  front-line  elements.  Analysis 
of  the  vital  data  for  700  of  the  716  eases  is  presented  In 
Table  5.  It  will  be  noted  that,  whereas  divisions  made  up 
UT%  of  the  strength  of  the  Eighth  Army,  92e  of  the  cases  were 
in  divisions;  regiments  represented  but  2f#  of  the  army 
strength  yet  claimed  81:1  of  the  cases;  and  battalions,  with 
but  2CX  of  the  strength  of  t,h.e  any,  suffered  76*  of  the  cole 
injuries.  An  approximate  ratio  of  1:2:3:&  was  noted  among 
army,  division: , regiments  and  battalions  respectively.  Witl 
the  division  as  the  echelcn  of  e-ference  the  ratio  was  1:1.5: 
for  division,  regi/ient  and  battalion  respectively.  With  the 
rogirent  as  the  echelon  of  reference  the  ratio  was  1:1.3  for 
regiment  and  battalion,  once  more  emphasizing  the  front-line 
locale  of  cold  injury  even  in  static  defense. 

F.  Unit  Attack  Rates 

Many  factors  have  been  implicated  as  contributing  to  or 
modifying  cold  injury.  The  number  of  combinations  of  these 
factors  operating  towards  an  Increase  or  a reduction  of  cold 
injury  ir.ci  J<;.nfe  In  any  given  unit  is  formidable.  Since  In- 
dividual units  e/.'-erienced  relatively  low  incidence  on  a 
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weekly  or  Monthly  bests  In  the  1951-52  experience  In  Korea, ' 
subsequent  analyses  of  factors  are  for  the  Eighth  kray  as  a 
whole.  There  is  presented  a cursory  description  of  differ- 
ences among  the  several  divisions  and  regiments  In  Table  6. 
Though  alluded  to  wherever  pertinent  in  this  section,  the 
role  of  ccebat  activity  will  be  discussed  in  greater  detail 
below.  In  Table  6 the  total  period  rate  reflects  the  abso- 
lute ease  incidence  for  the  individual  divisions.  The  naan 
nonthly  rate  corrects  for  total  time  of  the  unit  li.  Korea 
i.e.  adjusts  for  those  divisions  present  for  but  a fraction 
of  the  5 sonth  period. 

Referring  to  the  total  period  rates  it  will  be  noted  that 
the  7th  Infantry  Division  experienced  the  highest  rate  Of 
frostbite  asong  United  States  divisions.  The  role  of  casbat 
Intensity,  clothing  and  weather  (in  relation  to  the  17th 
Ragiront  of  this  division)  as  contributory  to  this  incidence, 
has  been  mentioned  above.  This  Incidence  was  primarily  in- 
curred in  November  and  definitely  influenced  tho  total  period 
and  »ean  monthly  rates  of  the  division.  The  A5th  Infantry 
Division  had  the  second  highest  5-eenth  period  rate.  Moderate- 
scale  company  attacks  with  reconnaissance  company  support  in 
January,  as  well  as  tank  raids  in  February,  contributed  in  no 
snail  way  to  excess  frostbite  in  this  division.  The  3rd 
Infantry  Division  with  the  third  highest  rate  suffered  most 
of  its  cold  injuries  in  November  end  principally  in  two 
regiments,  the  7th  and  65th.  The  former  found  itself  in  a 
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situation  Identical  to  that  of  the  17th  Regiment,  whereas  the 
latter  was  the  Puerto  Rican  regiment.  The  next  highest  rate 
was  represented  by  the  40th  Infantry  Division  whose  Initial 
elements  In  January  experienced  cold  Injury  Immediately  upon 
regimental  Interchange.  The  24th  Division  revealed  monthly 
rates  which  showed  trends  In  direct  relation  to  the  monthly 
temperatures,  whereas  the  low  25th  Division  rate  reflected 
Its  reserve  status  (except  for  one  regiment)  for  a great 
portion  of  the  winter.  Contributing  to  the  low  incidence  of 
frostbite  In  this  regiment  was  the  application  of  weather 
predictions  In  planning  patrols  and  clothing  of  troop's.  The 
2nd  In.  antry  Division  had  an  enviable  record  to  which  an 
awareness  of  cold  injury,  early  Issue  of  the  insulated  rubber 
boot  and  reserve  status  (in  the  first  period  of  low  temper- 
atures) undoubtedly  contribute*.  The  1st  Cavalry**  low  rate 
nay  readily  te  attributed  to  its  removal  from  the  theater 
shortly  after  tho  first  cold  weather  when  it  had  but  one 
regiment  in  the  line.  The  best  experience  was  registered 
by  the  1st  Karine  Division  which  actually  held  colder  posi- 
tions on  the  line.  This  division  was  equipped  with  the  new 
Insulated  boot  before  the  first  drop  in  temperature,  which 
undoubtedly  greatly  influenced  the  incidence. 

In  general  the  mean  monthly  rates  showed  a high  positive 
rank-ordsr  correlation  (rho  • «0.830)  with  the  total  period 
rates.  The  calculation  of  the  mean  monthly  rates  however 
changed  the  order  of  rank  of  the  divisions  from  the  order  in 
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which  their  absolute  incidence  occurred.  An  examination  of 
Table  6 reveals  the  40th  Infantry  Division  with  the  highest 
mean  monthly  rate  (but  fifth  in  absolute  incidence).  The 
24th  Infantry  Division  had  a mean  rate  equal  to  that  for  the 
45th  Division  (which  was  second  in  absolute  incidence)  and 
greater  than  that  for  the  3rd  Division  (uhleh  was  third  in 
absolute  incidence).  It  is  obvious  that  the  Cause  for  these 
apparent  discrepancies  lies  in  the  absence  of  the  diluting 
effect  of  lower  general  incidence  rates  in  December  upon  the 
40th  Division  and  a similar  lack  of  effect  of  March  rates 
upon  the  24th  Division  when  these  divisions  were  not  in  '.he 
theater.  Thus,  calculating  the  mean  monthly  rate  for  the 
5-oonth  period  may  correct  for  the  actual  duration  of  ex- 
posure, but  does  not  take  into  consideration  the  varying 
weather  and  com hat  conditions  month  by  month. 

C.  Degree  and  Site  of  Injury 

Table  7 presents  the- distribution  of  the  716  United  States 
cases  of  frostbite  by  degree  and  site  of  injury.  As  might  be 
expected  from  the  interaction  between  an  agent  of  varying  in- 
tensity and  a host  of  varying  or  modifiable  vulnerability, 
mild  (first  and  second  degree)  injury  constituted  the  majority 
of  the  case  load.  This  inverse  relationship  between  numbers 
end  eevority  was  nost  marked  In  the  foot  cases,  tut  second 
degree  injury  was  more  prominent  than  first  degree  in  the 
hand  cases.  A possible  explanation  is  that  even  a mild  first 
degree  case  of  frostbite  of  the  feet  without  (by  definition) 
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atlona  which  restrict  body  and  foot,  movement,  they  ®ay  be 
kept  w&ra  by  body  heat  more  readily  (placing  inside  of  field 
jacket),  they  are  not  dependent  with  resulting  vascular 
stasis,  they  are  not  as  often  constricted  by  tight  gear  and, 
as  will  be  discussed  below,  they  are  less  frequently  wet 
with  sweat  and  external  water  than  are  feet. 

The  specific  extremities  or  members  involved  are  presented 
in  Table  8.  Both  feet  were  involved  in  the  majority  of  cases 
with  hand  and  foot  combinations  next  most  frequently.  With  the 
exception  of  18  ear  cases  and  one  nose  case  no  other  parts  of 
the  body  were  involved  in  this  experience. 

TABLE  8 


DISTRIBUTION  OF  712  CASES  OF  FROSTBITE 
ACCORDING  70  SITE  OF  BJJURT 
KOREA,  1951-52 


Site  of  Inlurv 

No. 

% 

One  Rand 

32 

4.5 

One  Foot 

63 

8.8 

Both  Hands 

70 

9.8 

Both  Fest 

44  5 

62.5 

One  Hand  and  One  Foot 

3 

0.4 

Two  Hands  and  Two  Feet 

59 

8.3 

• One  Hand  and  Two  Feet 

16 

2.2 

One  Foot  and  Two  Hands 

5 

0.7 

One  Ear 

13 

1.8 

Two  Ears 

5 

0.7 

Nose 

1 

0.1 

Total 

712 

99.8 

On  the  hypothesis  that  cases  subjected  to  more  severe  ex- 
posure and/or  representing  greater  susceptibility  or  vulnera- 
bility because  of  other  modifying  factors,  should  not  only 
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have  more  severe  Injuries  but  also  a greater  part  involvement, 
the  data  were  analyzed  (Table  9)  for  degree  and  parts  Involved. 
In  691  cases  a significant  difference  between  fourth  and  lesser 
degrees  was  noted  when  "both  feet  plus  both  hands"  as  well  as 
"one  hand  plus  one  foot"  were  involved.  However,  because 
exrected  values  were  so  small,  the  reliability  of  these  com- 
ponents of  the  chi  square  was  low  and  only  a tendency  may  be 
said  to  exist. 

TABLE  9 

distribution  or  691  cases  or  frostbite 

ACCORDING  TO  SITE  AND  DEGREE  OF  INJURT 
KOREA,  1951-52 


Site 

of 

Injury 


f '■  ■" 

If 


First  I Second 


Fourth 


19 

■HR 

AO 

16.9 

1 

0.A 

25 

10.6 

128 

54.2 

4 

1.7 

3 

1.3 

16 

6.8 

235 

100.0 

32 

70 

4.6 

10.1 

3 

63 

445 

0.4 

9.1 

64.4 

16 

2.3 

5 

0.7 

57 

8.3 

Li_ 

99.9 

One  Hand 
Roth  Hands 
One  Hand  plus 
One  Foot 
One  Foot 
Both  Feet 
Both  Feet  plus 
One  Hand 
Both  Hands  plus 
One  Foot 
Both  Feet  plus 
Both  Hands 


282  100.1  235  100.0  U0  100.1  33  99.9I&91  99.9 


Chi  square  • 67.047  df  - 21  P <.001 


Figure  2 presents  the  monthly  distribution  of  cases  by  de 
gree  and  general  site  of  injury.  Attention  is  drawn  to  the 
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month  or  INJURY 

10.  ? MONTHLY  inCOENCE  OF  FROSTBITE  ACCOROl’IO  TO  SITE  «;3  DE6REC  OF  FUUSY. 
«th  US  ARMY,  KOREA.  1951-52. 
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Increasing  ratio  of  hand  to  foot  cases  as  the  winter  progressed 
as  well  as  to  the  decreasing  trend  In  Injuries  of  sore  severe 
degree.  The  relationship  of  the  issue  of  the  new  Insulated 
rubber  boot  to  this  phenoaenon  is  discussed  below  but  uf  not 
be  the  sole  factor  in  the  trend  of  milder  injuries.  General 
awareness  of  the  problem,  ■acclimatisation"  as  claimed  by 
Blair  and  Dimitroff  (8),  and  emphasis  on  prevention  by  the 
presence  of  the  Cold  Injury  Research  Team  may  have  contributed 
to  this  trend. 

H.  Hour  of  Onset  of  Injury 

The  determination  of  onset  of  injury  in  frostbite  is  by  aw 
means  a simple  procedure.  The  exact  time  of  onset  of  tissmm 
damage  may  be  controversial  but  certain  subjective  symptoms 
such  as  onset  of  numbness  may  bo  relied  upon  for  an  approxi- 
mation of  time  of  Injury.  Utilising  numbness  as  the  criterion 
for  onset,  681  eases  of  frostbite  for  when  data  were  available 
were  distributed  according  to  hour  of  onset  of  numbness  (Table 
10).  It  will  be  noted  that  the  hourly  incidence  was  lowest 
in  the  afternoon,  mounted  through  the  evening  and  night  hours 
and  reached  a peak  during  the  interval  0900  to  1200  hours. 

This  obviously  was  a reflection  of  the  relatively  warmer  after- 
noon temperatures,  with  -.n  increase  in  incidence  as  the  temper- 
atures fell  during  the  evening  and  night  and  the  minimum 
temperature  was  reached  at  approximately  0600  hours.  Coupled 
with  this  daily  cycle  of  tenperature  vras  the  characteristic 
tactical  procedure  In  static  defense  of  night  and  early  morning 
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patrols  ms  well  as  early  morning  attacks  by  the  enemy  with 
resultant  frequent  l-sacbllization. 

• A comparison  of  the  hour  of  onset  of  numbness  established 

l 

for  the  cases  with  that  claimed  by  120  bunker-mate  controls 
as  the  time  such  cases  complained  of  numbness  la  presented 
in  Table  10.  At  best  this  comparison  is  but  an  Indication 
of  the  reliability  of  the  patient  data  and  serves  as  a cor- 
, roborativa  device. 

TABLE  10 


DISTRIBUTION  0?  681  FROSTBITE  CASES  AND  420  BUNKER-WITS  CONTROLS 
ACCORDING  TO  THE  HOUR  OF  CSCSET  OF  IIUKBMESS  AHCKG  THE  CASES 
KOREA,  1951-52 


Hour  of  Nirsbness 

Cases 

Controls*  l 

_No  •_! XU 

J* 

~CCOd“0259“ 

93 

13.7 

"73 

17.4 

0300  - 0559 

103 

15-9 

71 

16.9 

0600  - 0359 

118 

17-3 

70 

18.6 

0900  - 1159 

128  ■ 

18.8 

63 

15.0 

1200  - 1459 

55 

8.1 

30 

. 7.1 

1500  - 1759 

AO 

5-9 

21 

5.0 

1803  - 2059 

60 

8.8 

?6 

6.2 

2>100  - 2159 

-33.- 

11.6 

53 

13.8 

Total 

681 

100.1 

420 

100.0 

Chi  square  » 8. 936 

df  - 7 

f >.20 

* Controls  claired  the  designated  Interval  to 
be  the  tine  of  eeeplaint  of  numbness  by  the 


eases. 


VII.  ACENT  FACTORS 

Although  low  temr  - nature  as  tho  agent  factor  In  cold  Injury- 
will  be  noro  fully  discursed  below  in  tho  subsection  on  "Physical 
Environment"  it  is  pertinent  to  emphasize  here  that  cold  is  the 
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specific  agent  or  irradiate  cause  of  frostbite.  Cold  or,  store  aptly, 
loss  of  body  heat  is  the  exciting  cause  of  all  cold  injury  whether 
it  be  isisarsion  foot,  trenchfoot  or  frostbite.  In  trenchfoot  higher 
temperatures  are  involved  for  wetness  is  the  synergistic  factor  (6) 
which  hastens  heat  loss  by  its  conducting  quality.  In  frostbite  wet- 
ness may  play  little  or  no  role  in  the  injury.  The  excessive  dry 
cold  in  itself  is  conducive  to  rapid  loss  of  body  heat,  figure  3 
illustrates  the  increases  of  case  incidence  for  the  entire  Korean 
front  with  drops  in  temperature.  This  was  even  more  dramatically  ob- 
served in  the  winter  of  1950-51  (?)  but  was  complicated  by  eneay  at- 
tack as  well.  In  th«  winter  of  1951-52  a static  front  permitted  the 
demonstration  of  more  uniform  temperature  effects  even  though  total 
incidence  was  low. 

Precipitation  played  little  or  no  role  in  the  Korean  experi- 
ence for  with  the  onset  of  winter  at  the  end  of  November  and  early 
December  the  ground  froze  quickly  ard  no  significant  thaw  ensued  until 
spring.  The  rainy  season  occurs  in  midsummer.  Trenchfoot  was  not 
observed  in  either  1950-51  or  1951-52. 

Frostbite  was  the  typo  of  cold  injury  seen  in  Korea  and  was 
basically  due  to  relatively  shorter  exposures  to  more  intense  cold 
than  in  trenchfoot,  notwithstanding  the  significant  role  played  by 
the  several  moaifying  factors  to  be  described. 

VIII.  ECTinCr^TAi  FACTORS 
A.  Weather  - General 

For  the  first  time  in  cold  injury  field  research  under 
combat  conditions,  Tinito  temperatures  and  wild  speeds  were 
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■ea sored  along  the  front  lines.  These  data  gar#  a such 
aora  accurate  picture  of  the  actual  conditions  of  exposure 
than  ever  before.  As  described  in  detail  in  another  section 
of  this  report  (Section  l)  weather  data  for  regiaents  and 
battalions  were  available  for  correlations  with  incidence 
and  for  other  analyses.  Specific  aap  coordinates  were 
charted  for  the  location  of  eases  and  controls  at  tine  of 
frostbite  so  that  the  data  of  the  nearest  battalion  wvather 
station  could  be  applied. 

Weather  and  Incidence  of  frostbite 
Since  cold  injury  la  a function  of  loss  of  body  beat,  it  is 
obvious  that  eany  codifying  factors,  increasing  or  dlainlsh- 
lng  such  loss,  will  Interfere  with  a staple  direct  relation- 
ship between  incidence,  temperature  and  length  of  exposure. 

An  inspection  of  Figure  3,  however,  eaeas  to  indicate  that 
possibly  significant  correlations  exist  between  incidence  of 
frostbite  and  aean  dally  average  temperatures,  asan  dally 
minima  temperatures  and  average  wlndchiU  for  the  front  as 
a whole.  Utilising  the  data  for  these  variables  from  Appendix 
Table  1,  scatter  diagrans  (e.g.  Fig.  4)  were  constructed  and 
coefficients  of  correlation  and  regression  line  equations  cal- 
culated. Linearity  of  the  relationship  was  assumed.  Con- 
sidering all  the  data  Irrespective  of  differences  In  combat 
activity  throughout  the  5-fjonth  period,  significant  coef- 
ficients of  correlation  by  the  produet-nement  method  were 
elicited  for  dally  average  temperature,  dally  minima  tesper- 
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ature  and  daily  average  windchill  (Table  II).  The  standard 
arrors  of  estimate  (Sy)  revealed  rather  large  dlsperlona, 
however,  and  the  predictive  efficiencies  If  Eff.)  of  the 
regression  equations  were  quite  low.  Inspection  of  the 
individually  plotted  points  for  each  scatter  diagram  re- 
vealed five  points  which  deviated  markedly  from  linearity. 

The  original  data  disclosed  these  to  represent  the  first  5 
days  of  the  cold  period  when  intense  regiment-sited  enemy 
attacks  occurred.  Thus  the  activity  of  these  5 days  differed 
considerably  from  the  static  defense  type  of  activity  which 
Involved  patrolling  and  line  holding,  during  the  balance  of 
the  winter.  Exclusion  of  these  five  values  In  the  corre- 
lations with  daily  average  temperatures  (Fig.  $},  daily 
minimum  temperatures  (Fig.  6)*  and  dally  average  windchill 
(Fig.  7)  not  only  increased  the  r values  but  enhanced  the 
predictive  efficiencies  considerably  (Table  12),  Thus  the 
coefficients  for  average  temperature,  minimum  temperature 
and  average  windchill  are  all  reasonably  good  predictors 
when  the  type  of  activity  is  fairly  uniform.  It  may  bo  said 
that  the  regression  equations  as  calculated  are  applicable 
to  a situation  of  static  defense  provided  that  all  other 
significant  factors  which  existed  in  Korea  1951-52  are  reason- 
ably simulated. 


* Since  a constant  of  20*  ws.s  added  to  eliminate  all  negative 
temperature  values  In  calculating  the  product-ao-ent  corre- 
lation with  B.tniain  temperature,  this  constant  must  be 
added  to  the  X value  in  using  the  regression  equations. 
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Attention  suet  be  drawn  to  the  foot  that  spurious  reccoaen- 
dations  uf  be  derived  frca  these  findings  anises  it  is  re- 
called that  daily  average  temperature  and  windchill  are  retro- 
spective data  whereas  the  next  day's  minima*  temperature  can 
be  forecast  with  reasonable  accuracy  on  tbs  basis  of  the  ' 
evening  dew  point.  Utilising  the  regression  equation  for 
daily  minimum  temperature  It  was  noted  that  each  decrement 
of  10  degrees  (F.)  In  temperature  (below  IB -A*  F.)  was 
productive  of  an  increment  of  3.7  cases  of  frostbite.  The 
daily  minimus  temperature  level  above  which  no  cases  would 
be  expected  to  occur  was  found  to  be  IB. A*  F.  Re  inspect ion 
of  the  daily  incidence  (exclusive  of  the  Intense  combat 
period  22-26  November)  revealed  that  only  11  cases  In  516 
or  2. US  occurred  at  teaperaturas  above  the  18. A*  F.  level 
(Appendix  Table  1). 

Utilising  the  equation  fo?  average  temperature  it  is  Inter- 
esting to  speculate  on  what  the  incidence  of  frostbite  would 
have  been  In  December  1951-52  had  the  temperatures  for 
December  1950-51  prevailed,  but  under  conditions  of  static 
defense  (Decenber  tesperatures  in  1950-51  were  20  degrees 
(F.)  lover).  Daily  temperatures  for  Deeeaber  1951-52  were 
adjusted  fo?  this  difference  and  calculations  yielded  a 
total  of  385  cases,  5A2^  greater  than  actually  occurred. 

This  number  is  nevertheless  such  era&ller  than  the  ntmber  of 
eases  which  actually  occurred  In  December  1950-51.  To  this 
latter  incidence,  such  factors  as  heavy  ccabat  in  a retrograde 
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movement  and  lack  of  adequate  gear  presumably  contributed* 
The  incidence  of  the  period  22-26  November  1952*  excluded 
because  of  heavy  combat,  was  correlated  with  daily  average 
temperatures.  A significant  pr  Juct-manent  coefficient  of 
correlation  of  -0.955  was  obtained,  but  because  of  the  mall 
ness  of  sample  size  the  l£  confidence  limits  of  this  ctef- 
ficient  ranged  free  -0.111  to  -0.999.  Thus  a correlation 
of  incidence  with  temperature  does  exist  under  conditions 
of  Intense  coebat.  The  trend  of  values  and  the  possible 
regression  equations  derivable  free  such  data  leads  to  the 
belief  that  further  experience  with  this  type  of  measure- 
ment can  provide  equations  for  any  situation  with  various 
combinations  of  factors.  Had  front-line  temperature  data 
by  units  been  available  in  195&-51,  equations  of  incidence- 

e 

temperature  relationships  under  conditions  of  heavy  combat 
might  have  bean  derived  for  a much  larger  experience. 

Since  regimental  differences  in  temperature  for  any  given 
day  were  noted  (see  Section  l),  it  was  of  interest  to  de- 
termine to  what  extent  these  differences  operated  in  pro- 
ducing varying  incidence  rates  among  the  regiments.  Data 
for  this  type  of  inquiry  were  sparse,  for  the  instances  in 
which  outbreaks  of  injury  occurred  in  sufficient  size  to 
involve  a great  encugh  mabor  of  regiments  for  correlation 
were  few.  The  period  2-6  February  1951  inclusive  was  se- 
lected for  this  type  of  correlation  between  case  incidence 
and  regimental  temperatures  (Table  13).  The  product-moment 
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coefficient  of  correlation  for  minimum  temperature  (Fig.  8) 
was  found  to  be  -0.6877..-  Though  significantly  different  from 
zero  and  indicating  that  a correlation  exists,  the  reliabil- 
ity of  the  coefficient  was  small  as  evidenced  by  the  XjC  con- 
fidence limits  of  ■*0.03  to  -0.94. 

TABLE  13 

COMPARISON  0?  PERIOD  CASS  RATES  OF  FROSTBITE  AND  REGIMENTAL 
TE  ITERATORS  FOR  THE  PERIOD  2-6  FEBRUARY  1952  INCLUSIVE 


Regitent 

No.  of 
Cases 

Avg. 

Te-*ra.*F 

ESSZ9I 

23rd 

2 

0.6 

2.0 

mm 

15th 

1 

0.3 

10.4 

17th 

5 

1*3 

22.7 

31st 

6 

1.4 

10.8 

-10.0 

32nd 

10 

2.7 

9.3 

-12.0 

5th 

7 

2.1 

7.8 

- 5.0 

160th 

10 

2.3 

7.2 

-9.0 

223rd 

13 

3.8 

6.8 

-10.0 

224th 

3 

1.2 

No  Data 

No  Data 

179th 

3 

0.8 

8.0 

- 2.0 

180th 

10 

12.6 

- 6.0 

279th 

5 

HI 

10.0 

- 5.0 

Table  14  presents  a comparison  of  minimus  temperatures  of 
exposure  for  cases  and  controls.  It  will  be  noted  that  the 
mean  minimin  temperature  of  exposure  for  cases  was  10.9*  F. 

The  statistically  significant  but  practically  minor  differ- 
ence in  mean  temperatures  between  cases  and  controls  can  be 
readily  explained.  For  cases,  the  minimum  temperatures  were 

charted  for  the  period  represented  by  the  hour  of  onset  of 

i 

) numbness  as  the  mid-point.  For  controls,  the  minimum  temper- 

ature for  the  entire  period  of  exposure  from  onset  of  exposure 
I (for  the  case)  to  time  of  rewarming  was  used.  The  average 
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j FIG.  8.  CORRELATION  OF  REGIMENTAL  CASE 
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teeperature  of  the  period  of  total  exposure  (not  to  be  con- 
fused with  the  average  teaperaturs  of  the  entire  day)  wa» 
thus  considered  aore  reliable  for  cooperative  purposes  be- 
tween cases  and  controls.  No  significant  difference  In 
average  temperature  of  exposure  was  noted  between  eases  and 
controls  (Table  15). 
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TABUS  14 

COMPARISON  OF  643  CASES  OF  FROSTBITE  AND 
442  5UKXER-MATE  CONTROLS  WITH  RESPFJT 
TO  MINIMUM  TEMPERATURE  OF  EXPOSURE 
KOREA,  1951-52 


Minimum  Temp. 

Cases 

Controls  i 

of  Exposure 

Ho. 

Ho. 

3* 

> 37*  F. 

4 

0.6 

1 

0.2 

31  to  37*  F. 

20 

3-1 

15 

3-4 

24  to  30*  F. 

102 

15.9 

82 

18.6 

17  to  23*  F. 

135 

21.0 

98 

22.2 

10  to  16*  F. 

126 

19-6 

76 

17.2 

3 to  9*  F. 

110 

17.1 

48 

10.9 

-4  to  2*  F. 

112 

17.4 

90 

20.4 

-11  to  -5*  F. 

34 

5.3 

32 

7.2 

-18  to-12*  F. 

0 

0 

0 

0 

-25  to-19*  F. 

0 

0 

0 

0 

< -25*  F. 

0 

0 

0 

0 

Totals 

643 

100.0 

442 

100.1 

Means 

10.9* 

12.7* 

S.  0. 

♦12.17 

♦11.82 

t - 2.513  P <0.02 
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COMPARISON  OF  645  CASKS  OF  FROSTBITE  AND 
443  BUNKER-HATE  CONTROLS  WITH  RESPECT 
TO  AVERAGE  TEMPERATURE  OF  EXPOSURE 
KOREA,  1951-52 


1 Cases 

1 Controls  1 

ESI 

■m i 

mm 

-.1 

> 37*  F. 
31  to  37*  F. 
24  to  30*  F. 
17  to  2j*  F. 
10  to  16*  F. 
3 to  9*  F- 
-4  to  2»  F. 
-11  to  -5*  F. 
-18  to-12*  F. 

1 

H 

I 

1 

Totals 

6^5 

100.1 

443 

100.0 

Keans 

17.0* 

17. 4» 

S.  D. 

ilO.16 

.110.80 

t - 0.5058  P > 0.6 

It  will  be  seen  frcra  Table  14  that  the  modal  minimum 
temperature  of  exposure  for  bouh  cases  and  controls  is  in 
the  interval  17*  - 23*  F.  and  that  the  incidence  falls  off 
with  still  lower  temperatures.  This  is  not  paradoxical 
when  it  is  noted  that  this  merely  reflects  fewer  days  of 
lower  temperature.  The  role  of  temperature  during  ex- 
posure on  incidence  of  frostbite  may  be  further  elicited 
by  studying  the  rate3  of  Injur;/'  at  various  temperature 
levels  on  the  basis  of  man-days  of  exposure.  This  has 
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been  calculated  for  regiments  in  reserve  and  in  the  line 
for  the  period  1 December  1951  to  17  March  1952  (Table  16). 
Total  nan-days  of  exposure  at  a given  temperature  were 
calculated  for  the  individual  temperature  levels  by  sun- 
oat  in?  the  products  of  the  average  monthly  strengths  of  the 
respective  regiments  and  days  of  exposure  at  that  specific 
daily  average  temperature.  Regiment-days  of  exposure  is 
merely  an  index  to  the  number  of  units  in  the  line  or  in 
reserve  for  the  number  of  days  at  that  particular  temper- 
ature of  exposure.  From  Table  16  it  can  be  seen  that  the 
apparent  paradox  of  diminishing  incidence  with  lower  temper- 
atures Is  resolved  and  a definite  inverse  relationship  is 
established.  As  the  daily  average  temperatures  decreased, 
the  incidence  rates,  expressed  as  cases  per  100,000  man-days 
of  exposure,  increased.  This  was  true  for  regiments  both  in 
the  line  and  in  reserve.  A comparison  of  line  and  reserve 
troop  rates  revealed  an  average  cf  A.9  cases  per  100,000 
san-days  of  exposure  for  the  former  and  2.3  cases  per  100,000 
san-days  exposure  for  the  latter  or  an  approximate  ratio  of 
2:1.  This  relationship  as  well  as  that  with  respect  to 
active  defense  will  be  discussed  below  under  "Combat  Action". 

The  average  windchill  (Kg.eal/^/^r.  heat  loss)  during  ex- 
posure was  derived  from  regimental  data  on  wind  speed  and 
temperature  and  applied  to  each  case  and  control.  Table  17 
reveals  that  there  was  virtually  no  difference  in  the  mean 
average  windchill  during  exposure  for  the  two  groups.  Of  • 
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enhance  heat  lose  has  already  been  mentioned.  However*  the 
finding  of  significantly  good  correlations  between  minimum 
and  average  temperatures,  windchill  and  incidence  of  frost-* 
bite  led  to  the  exploration  of  the  possibility  of  a relatively 
simple  relationship  between  temperature  and  degree  of  severity 
. of  frostbite.  Thus  the  data  on  degree  of  injury  for  foot  and 
hand  cases  were  individually  distributed  according  to  minimum 
temperature  (Tables  18  and  19} • average  temperature  (Tables  30 
and  21}  and  average  windchill  (Tables  22  and  23)  during 
exposure. 

TABLE  18 

RELATION  OF  DECREE  OF  1KJURT  TO  MINIMUM  TEMPERATURE  OF 
EXPOSURE  AMONG  5 U CASES  OF  FROSTBITE  OF  THE  FEET 
KOREA,  1951-52 


Hininajon 
Temp*  of 


>37°  F. 

31  to  37"  F. 
24  to  30°  F. 
17  to  23°  F. 
10  to  16°  F. 


-11  to  -5°  F. 


Decree  of  Inlurv  - Feet 


Ko.  % 

No. 

£ 

No. 

i 

No. 

* 

No. 

* 

3 1.4 

0 

0.0 

0 

0.0 

1 

4.0 

4 

0.8 

7 3.3 

3 

1.8 

9 

7.9 

0 

0.0 

19 

3.7 

32  15.2 

27 

16.4 

22 

19.3 

6 

24.0 

37 

16.9 

61  29-0 

24 

14.5 

25 

21.9 

5 

20.0 

13-5 

22.4 

41  19.5 

47 

28.5 

13 

15.8 

5 

20.0 

111 

21.6 

34  16.2 

2 2 

13.3 

16 

14.0 

5 

20.0 

77 

15.0 

25  11.9 

32 

19.4 

20 

17.5 

3 

12.0 

SO 

15.6 

7 3.3 

10 

6.1 

4 

3-5 

0 

0.0 

21 

4.1 

210  99.8 

165 

100 .0 

114 

99.9 

25 

100.0 

514 

100.1 

14-4°  11.8°  14.7°  14.7°  13-6° 

- 10.22  * 10.82  * 11.71  - 9.95  - 10.81 


257 


o 


TABLE  20 

’ RELATION  OF  DEGREE  OF  INJURY  TO  A VERAS  TEMPERATURE  OF 
EXPOSURE  AMONG  516  CASES  OF  FROSTBITE  OF  TOE  FEET 
XOREA.  1951-52 
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Average  

Temp,  of  First 


Degree  of  Injury  - Feet 


Second 


Fourth  I Total 


^^^Scgosure^^^  No.  % _No. 

>37°  F.  3 1.4  1 

31  to  37**  F.  13  6.2  § 


No.  t I Ho. 


>37°  F.  3 1.4  1 0.6  2 1.7  1 4.0  7 1.4 
31  to  37®  F.  13  6.2  8 4.8  22  19.0  3 12.0  L6  0.9 
24  to  30°  F.  61  29.2  31  18.7  23  19.8  8 32.0  123  23.8 
17  to  23®  F.  52  24.9  48  28.9  23  19.8  2 8.0  125  24.2 
10  to  16°  F.  43  20.6  35  21.1  19  16.4  9 36.0  106  20.5 


3 to  9"  F.  25  12.0  24  [ U. 

-4  to  2°  F.  12  5.7  16 


17  14.7 


2.6 


in 


8.0  68  13.2 1 

0.0  1 35  6.8 

6 1.2 


100.0  166  100.0  116  100.0  25  100.0  516  100.0 


15-9° 

18.8° 

20.3° 

17-9° 

- 9.90 

- n.47 

- 9.06 

- 10.05 

does  not  add  significance  to  this  item,  since  average  tempera- 
tures of  exposure  are  distinctly  modified  by  minima  and  wind- 
chill  is  dependent  upon  temperature  as  well  es  wind  epee^. 

It  should  be  noted,  however,  that  in  every  instance  hand 
case3  had  distinctly  lowe'r  mean  temperatures  of  exposure  and 
a higher  mean  windchill  during  exposure  than  did  the  feet 
cases.  These  differences  were  statistically  significant  and 
represented  5*3°  F.  for  mean  minimum  temperatures  (P  <.00l). 

It. 2®  F.  for  mean  average  temperatures  (P  <.001)  and  35.5  Kg. 
cnl/M^/hr.  for  mean  a/ernge  windchills  (P  <.01).  These 
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TABLE  22 

DISTRIBUTION  OF  485  CASES  OF  FOOT  FROSTBITE  ACCORDING 
TO  AVERAGE  OTNDCHUL  DURING  EXPOSURE 
COREA.  1951-52 
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Avg.  V&ndchill 
During  Expo  sura  I p>  rat 


s of  In 


Second 


Fourth 


16 

10.1 

77 

48.7 

50 

31.6 

13 

8.2 

2 

1.3 

0 

0.0 

158 

99-9 

816.1 

<700 

700  - 824 
825  - 949 
950  - 1074 
1075  - 1199 
1200  - 1324 


27  27.8 


7.2 

2.1 

0.0 


29.2  93  19.2 

37.5  226  46.6 
20.8  119  24.5 

12.5  39  8.0 

8 1.6 

0 


206  100.0  158  99.9  97  100.0  24  100.0  485  99-9 


785.9  816.1  775.7  782.0  793.5 


- 131.64  - 130.27  - 117-14 


exposuro  varied  with  the  type  of  activity.  For  patrols  the 
onset  of  exposure  was  arbitrarily  taken  as  the  time  walking 
ceased,  either  because  of  arrival  at  the  an  tush  point  or 
because  of  pinning  action  of  enemy  fire.  In  guard  situations 
this  was  obviously  the  beginning  of  posting  guard;  in  vehicular 
incidents,  the  tine  of  mounting;  and  in  foxholes,  the  time 
immobilization  by  energy  fire  or  other  cause  began.  Combi- 
nations of  activities  in  some  few  instances  occurred  but  in 
all  cases  exposure  was  deemed  to  have  begun  with  relative 
immobilization  from  any  cause  and  ended  with  the  act  of 
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Haxiaaia  Decree  of  In 


Second  I Thl 


<700 

700  - 821 
825  - 949 
950  - 1074 
1075  - 1199 
1200  - 1324 


8 

52 

30 

n 

3 

1 

7.6 

49.5 

28.6 
10.5 

2.9 

1.0 

105 

100.1 

829.0 

il 

20.58 

81100 


793.5  833.7  851.8  866.7  829.0 


- 127.30  * 121.26  - 127.42  t 103.08  - 120.58 


rewarming.  In  special  Instances  other  considerations  played 
a part.  e.g.  breaking  through  the  ice  on  a patrol,  when 
exposure  tine  was  calculated  Iron  this  act  even  though  walking 
to  the  ambush  point  continued. 

Exposure  tines  varied  for  different  types  of  activity  as  can 
be  noted  in  Table  25*  four  hundred  forty  cases  were  grouped 
according  to  enemy  contact  and  pimlng  action,  transport  and 
miscellaneous  and,  within  each  group,  the  specific  activity 
or  mission.  These  activities  were  verified  by  visits  to  the 
respective  units  during  control  interviewing.  The  longer  mean 
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DISTRIBUTION  0?  663  CASES  0?  FROSTBITE  ADD  U.2  gUI.TCSR-KATE 
CONTROLS  ACOOaaiMS  TO  DURATION  OF  EXPOSURE 
KOREA,  1551-52 


Duration 

Cases 

Controls 

of  Exposure 
(Hou rs) 

IJo.  % 

:.’o.  1 

0 - U 

257  37.6 

155  3i-3 

u.l  - 6 

173  25.3 

126  27-9 

8.1  - 12 

107  15.7 

78  17.3 

12.1  - 16 

16  7.0 

38  8.1 

16.1  - 20 

10  1.5 

S 1.8 

20.1  - 2k 

30  1.1 

15  3.3 

2 Days 

29  1.2 

1 3.1 

3 Days 

12  1.8 

6 1.3 

>3  Days 

17  2.5 

12  2.6 

Total 

, .. 

•33  100.0 

112  100.0 

Kean 

1C.1  Hrs. 

9.5  Hrc. 

S.  D. 

- 12.91 

- 11.19 

t - 0.755  P >.10 


exposure  tines  in  this  series  occurred  during  enemy  contact 
on  the  fcnln  Line  of  Hesi-t.ir.ee,  i.e.  attack  ty  the  enemy, 
with  or  without  pinnin*  action,  tiie  postin,-  o'  ground  guards 
around  pun  crsplacenents  in  the  line,  tank  missions  and  con- 
struction work.  Tl:e  shorter  mean  exposure  tir.es  occurred 
during  patrol  activities  when  contact  with  the  enemy  was  scaic. 
It  is  apparent  from  this  comparison  that  the  slorter  mean 
vryosure  times  are  syr-onymous  with  those  activities  repre- 
sent'na  potential ly  rr-ater  imoKlic.it  ion.  Thus  one  any 
infer  tiiat  dccreasii.a.  motility  tends  to  reduce  the  closure 
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KEAN  EXTOSJ&E  TIMES  OF  AAO  OSES  OF  FROSTBITE  ACCORDING  TO  THE 
SPECIFIC  TTPE  OF  ACTIVITI  IN  WHICH  THE!  WERE  ENGAGED 
KOREA,  1951-52 


Specific  Type  of  Activity 

Bo.  of 
Cas«  1 

Kean  Hours 
of  Exposure 

Standard 

Deviation 

Kean 

Man-Hours 
of  Exposure 

A.  Eneqy  Contact  with  Pinning 
Aetior.  - Total 

107 

9.0 

7-U.53 

961.0 

1*  Combat  patrol 

y. 

6.5 

± 2.96 

208.0 

2.  Ambush  patrol 

0 

- 

• 

3*  Security  patrol 

6 

7.3 

i A.53 

A3.8 

A.  Reconnaissance  patrol 

0 

1 - 

- 

• 

5.  On  K.L.R. 

6A 

10.5 

ilA.37 

672.0 

6.  Outoost  euard 

5 

8. A 

i 9.27 

. A2.0 

B.  Ene.Ty  Contact  with  Mo 
Pinnini?  Action  - Total 

A? 

10.1 

f 12.71 

A2A. 2 

1.  Combat  patrol 

20 

5-8 

i 2.A8 

116.0 

2.  Ambush  patrol 

2 

6.0 

- 

12.0 

3*  Security  patrol 

1 

6.0 

- 

-f.fi 

A.  Reconnaissance  patrol 

0 

— ■ 

— 

5.  On  K.L.R. 

17 

16.8 

t 18.85 

285.6 

6.  Outpost  p,ard  m 

2 

2.0 

- 

A.O 

C.  No  F.serr  Contact  - Total 

209 

■ ?«»>  . 

‘ 196A.6 

1.  Combat  patrol 

15 

7.6 

— 3.05 

11A.0 

2.  Ambush  patrol 

AO 

7-3 

1 7.86 

290.0 

3.  Security  patrol 

20 

6.8 

t A.13 

136.0 

A.  Reconnaissance  patrol 

3 

8.7 

1 2.83 

26.1 

5«  Outpost  guard 

26 

9-9 

t 7.87 

257-A 

6.  Bunker  pjard 

7 

7.1 

I 6.A6 

A9.7 

7*  Ground  guard 

A6 

12.9 

i 20.63 

593 -A 

8.  Foxhole  rjard 

9.5 

A9A.0 

D.  Transport  - Total 

37  - 

. 8-5 

i 5*76 

31A.5 

1.  Open  vehicle 

2 & 

7.1 

L 6.17 

18A.6 

2.  Closed  vehicle 

0 

- 

— 

_ , 

3»  Tajik,  inside 

11 

11.8 

- 3.92 

129.8 

| A.  Tank,  outside  | r 

0 

- 

- 

- 

E.  Miscellaneous  - Total 

'*5 — 

6.6 

- 7.33 

297.0 

1.  Artillery 

1 

2.C 

2.0 

2*  Wire  lojing 

5 

6.0 

1 3.16 

30.0 

3.  Construction 

1 

10.0 

- 

10.0 

A.  Behind  H.L.R. 

8 

A.O 

1 3.23 

32.0 

5«  Activities  on  K.L.R. 

other  than  above 

30 

7.A 

1 8.60 

222.0 

GRAND  TOTAL 

AA0 

9.0 

- U.A9 

3960.0 

ajsin:cTEO 
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tine  recjuired  'to  produce  cold  injury. 

E.  Duration  of  Exposure  ar.d  Severity  of  Injury 

.On  the  sane  rationale  that  severity  of  frostbite  should  in- 
crease with  colder  temperatures  one  can  postulate  that  such 
severity  should  increase  with  duration  of  exposure.  Although 
increasing  mean  tours  of  exposure  were  noted  for  Increasing 
degrees  of  frostbite  of  the  feet  (Table  26)  the  differences  were 
not  statistically  significant  at  the  5t  level,  hit  .the  compari- 
son between  first  and  fourth  degree  foot  injuries  approached 
such  significance.  Tl-is  tendency  was  not  noted  for  hand  cases 
(Table  27).  It  should  be  pointed  out.  however,  that  exposure 
TABLE  26 

MSTiUamOM  OF  546  FOOT  F303TEITE  USES  ACCOFOIfG  TO 
OJHA7IC!!  OF  SXFOSL’HE  A.N!)  KAXIKUM  DEG.IEE  OF  IKCUHT 


TAELS  27 
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DISTRIBUTION  0?  112  HAND  FROSTBITE  CASES  ACOORDING  TO 
DURATION  OF  EXPOSURE  AND  MAXIMUM  DEGREE  OF  INJURY 
KOREA.  1951-52 


Duration 

of 

Exposure 

(Hours) 

Maximum  Decree  of  In. lurr  - Hands 

First 

Second 

Third 

Fourth 

Total  1 

No. 

No. 

f 

No. 

i 

No. 

f 

No. 

. $ 

0-4 

14 

•48.3 

15 

65.2 

6 

£0.0 

2 

50.0 

67 

59.8 

4.1  - r 

8 

27.6 

16 

23.2 

2 

20.0 

2 

50.0 

28 

25.0 

8.1  - li 

4 

13.3 

4 

5.8 

2 

21.0 

0 

0 

10 

8.9 

12.1  - 16 

3 

10.3 

2 

2.9 

0 

0 

0 

0 

5 

4.5 

16.1  - 20 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20.1  - 24 

0 

ms 

1.4 

tf 

0 

ml 

0 

1 

0.9 

1-2  Days 

0 

n 

1.4 

Kl 

0 

HI 

0 

1 

0.9 

2-3  Days 

n 

0 

MJ 

0 

0 

0 

0 

0 

> 3 Days 

■ 

0 

0 

0 

i 

0 

s 

0 

0 

0 

Total 

29 

100.0 

69 

99.9 

10 

100.0 

■ 

^22 

112 

100.0 

Mean 

5.5  Hrs. 

BS2S 

B 

E9 

4.0  Hrs. 

4.7  Hrs. 

ggi 

- 5«27  - 

SSI 

sai 

Bi 

time  for  frostbite  of  the  hands  was  significantly  lower 


(P  <.001}  than  for  the  feet,  degree  for  degree  of  injury.  This 
result  nay  te  misleading  in  view  of  the  earlier  discussion  on 
temperature  and  vindchill  in  relation  to  site  of  injury.  The 
hands,  it  will  be  recalled,  required  a lower  temperature  for 
occurrence  of  frostbite,  probably  for  the  reasons  expressed. 

One  would  then  expect  the  hands  to  require  longer  exposures  as 
well.  This  would  be  logical  to  assume  if  the  conditions  with 
respect  to  adequacy  of  har.dwear  at  tine  ot  exposure  were  compa- 
rable to  Ua  situation  in  regard  to  bootgear.  A significantly 
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greater  percentage  (15.9)  of  hard  cases  (Table  62)  were  frost- 
bitten as  a result  of  removal  of  £ea r than  were  feet  (0.5^, 

Table  ;l).  Thus  it  may  be  said  that  hands  were  relatively  nore 
frequently  exposed  to  more  intense  cold,  although  for  shorter 
periods  of  time,  without  protective  gear  than  were  feet. 

F.  Gradient  of  Injury 

Fully  rocogniaiig  the  multiplicity  of  factors  which  cay  codify 
cold  injury,  it  nevertheless  was  thought  that  it  night  be  fruit- 
ful to  explore  more  fully  the  possibility  of  sane  combination  of 
agent  and  environmental  factor  which  bears  a direct  and  simple 
relationship  to  degree  of  injury.  The  establishment  cf  a gradi- 
ent of  injury  under  varying  cs:Jitio:is  wculd  then  become  a 
reality.  It  will  be  recalled  that  temperature  and  duration  of 
exposure,  analysed  separately,  revealed  sene  slight,  if  not 
significant,  trends  in  this  direction.  It  is  obvious  that  each 
can  contribute  to  the  total  effect  and  influe:  :e  or  modify  the 
effect  of  the  other.  Thus  a combination  of  the  intensity  of  the 
agent  factor  (cold)  aid  the  duration  of  its  action  (time  of 
exposure)  aprenred  to  be  more  logical  ir.  establishing  a gradient 
of  severity  of  injur;.'. 

At.  attempt  was  made  in  devising  a:,  "exposure-irdex1*  (a. I.)  to 
combine  these  two  factors.  The  index  was  arbitrarily  defined 
as  the  product  of  the  duration  of  exposure  (D,  in  hours)  and  the 
reciprocal  of  the  rJ.r. inurs  temperature  of  exposure  (1,  in  *F). 

• i 

To  all  temperatures  a constant  (10*)  wan  added  to  obviate 
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negative  valuta."  In  Table  28#  "exposure-indices"  for  Whites 
and  Negroes  have  been  calculated  acrording  to  degree  of  Injur? 
of  the  feet*  Trends  were  noted  but  the  differences  were  not 
statistical!?  significant.  The  differences  between  the  races 
at  the  several  degree  of  injur?  levels  were  also  not  signifi- 
cant except  for  third  degree  injury.  Thus,  in  this  experience 
as  well  an  attempt  to  establish  a significant  gradient  of 
injury  was  not  too  successful.  It  became  obvious  that  further 
refinement  of  the  data  would  be  necessary.  This  would  entail 
the  detailed  study  of  a much  larger  frostbite  experience  for 
several  factors  would  have  to  be  held  constant  (e.g.  combat 
activity  and  bootgear)  in  order  that  ultimate  categories  would 
contain  large  enough  numbers  of  cases.  However,  another 
criterion  must  not  be  overlooked.  This  criterion . involves  the 
basis  for  diagnosis  of  severity  of  injury,  to  the  present  time 
severity  has  been  classed  according  to  degree.  Degree  diagnosis 
has  involved,  for  the  most  part,  estimation  of  the  depth  of 
injury  and  not  the  total  area  involved.  There  was  the  possi- 
bility that  this  shortcoming  may  have  detracted  in  part  from  a 
significant  linear  gradient  of  injury. 

C.  Weather  type 

Table  ?9  outlines  the  types  of  weather  to  which  the  frostbite 
eases  and  controls  were  exposed.  The  higher  incidence  of  cases 

*Dr.  A.  C.  Dirton,  Department  of  Biophysics#  University  of  Western  Ontario 
Medical  School  personally  suggested  to  the  author  the  use  of  decrements 
of  temperature  (increasing  amounts  of  cold)  from  a reference  temperature 
at  which  no  frostbite  occurs#  thus  obviating  adding  of  constants  and  the 
use  of  reciprocals  (9). 
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TABLE  28  ^ 

EXPOSURE-INDICES  (E.I.-  D X FOR  298  WHITE  AND  208  HECSD  CASES 
OF  FROSTBITE  OF  THE  FEET  ANDrFEET  AND  HANDS  BT  DEGREE  OF  INJUHT 
KOREA.  1951-52 


sure  Index 


Standard 
Mean  Deviation 


First  138  0.73  - 1*78 

Second  96  0.81  - 1.11 

Third  52  0.91  - l.U 

Fourth  12  0.92  - 1.10 


Total  298  0.79 


71 

cu 

58 

12 

0.50 

0.76 

0.12 

0.85 

208 

0.58 

i 

- 1.23 


Duration  of  exposure  in  hours. 

Minimus  temperature  of  exposure  in  degrees  F. 


TABLE  29 

DISTRIBUTION  OF  613  CASES  OF  FROSTBITE  AND  111  Bi?.EER-HATE  CONTROLS 
ACCORDING  TO  TIPE  OF  WEATHER  TO  WHICH  THET  WERE  EXPOSED 
KOREA.  1951-52 


Weather  Type 


Cases  I Controls 


No. 

% ' 

No. 

% 

Clear  to  pertly  cloudy 

151 

69.6 

299 

67.3 

Cloudy  to  overcast 

73 

11.3 

32 

7-2 

Blowing  snow,  sand  or  dust 

1 

0.6 

38 

8.6 

Foggy 

1 

0.6 

1 

0.9 

Dri zzle 

3 

0.5 

%► 

0.5 

Raining 

15 

2.3 

8 

1.8 

Thunderstorm  with  rain  or  hail 

0 

- 

0 

— 

Sleet  or  freezing  rain 

H 

2.2 

ID 

2.3 

Snow 

81 

13.0 

51 

11.5 

Total 

618 

100.1 

lit 

100.1 
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during  clear  or  partly  cloudy  weather  was  compatible  with  the 
lower  temperature  encountered  with  this  type  of  weather  during 
winter  (a  clear  or  partly  cloudy  sky  permits  bo  re  heat  loss  from 
the  earth's  surface  during  the  night).  Of  interest  was  the  ex- 
tremely low  incidence  of  cases  during  rainy  weather,  which  was 
merely  a reflection  of  the  low  incidence  of  rainy  days  during 
the  winter  season.  This  latter  in  turn  accounted  for  the  ab- 
sence of  true  trenchfoot  in  the  Korean  theatre.  No  relation 
between  degree  of  injury  and  type  of  weather  could  be  demon- 
strated for  either  foot  or  hand  injuries  (Tables  30  and  3l). 

TABLE  30 

DISTRIBUTION  OF  518  CASES  OF  FROSTBITE  OF  THE  FEET  ACCORDING 
TO  WEATHER  TIPS  TO  WHICH  EXPOSED  AND  KAXEUK  DEGREE  OF  IIUURX 
KOREA,  1951-52 


Maximum  Octree  of  Inlurr  - Feet 

Total 

Weather  Type1 

First 

Secord 

Third 

Fourth 

KOe 

if 

/• 

1.0. 

IT 

— 7 

A 

Ko# 

£ 

Clear  to  partly 
cloudy 

145 

69.4 

120 

72.7 

62 

53.0 

18 

66.7 

345 

66.6 

Cloudy  to  overcast 

21 

10.0 

21 

12.7 

^ , 

13.7 

5 

18.5 

63 

12.2 

Blowing  snow,  sand 
or  dust 

0 

c 

1 

0.6 

2 

1.7 

0 

0 

3 

0.6 

Foggy 

2 

1.0 

0 

0 

2 

1.7 

0 

0 

4 

0.8 

Drizzle 

1 

0.5 

0 

0 

1 

0.9 

0 

0 

2 

0.4 

Raining 

6 

2.9 

2 

1.2 

4 

3.4 

0 

0 

12 

2.3 

Thunderstorm  with 
rain  or  hail 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Sleet  or  freezing 
rain 

8 

3.8 

1 

0.6 

3 

2.6 

1 

3.7 

13 

2.5 

Snow 

26 

12.4 

20 

12.1 

2? 

23.1 

3 

11.1 

76 

14.7 

Total 

209 

300.0 

165 

99.9 

117 

100.1 

27 

100.0 

518 

100.1 

Chi  square  - 27.975  df  - 21  P >.10 
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DISTRIBUTION  OF  112  CASES  OF  FROSTBITE  OF  TIE  HAIIDS  ACCORDING 
TO  TYPE  OF  WEATHER  TO  WHICH  EXPOSED  AHD  HAXMM  DECREE  OF  UIJURT 
KOREA,  1951-52 


Weather  .type 


Clear  to  portly 
cloudy 

Cloudy  to  overcast 
Blowing  snew,  sand 
or  dust 
Foegy 
Drizzle 
Raining 

Thunderstorm  vith 
rain  or  hail 
Sleet  or  freezing 
rain 

Snow 


Maximum  Degree  of  Injury  - Hands 
First  Second  Third  Fourth 

1:0.1  % No.  1 j ~o.i  i'  YirrT 


22  78.6  52  76.5  9 90.0  6 100.0  89  79.5 

2 7.1  7 10.3  0 0 9 8.0 

0 - 1 1.5  0 - 0 1 0.9 


1 

1.5 

0 

- 

10.7  4 

• 5.9 

1 

10,0 

100.0  68 

100.1 

10 

100.0 

- 9.540 

if  - 18 

p >.90 

Total 

Bo. 

IT- 

89 

79.5 

9 

8.0 

1 

0.9 

0 

- 

1 

0.9 

3 

2.7 

0 

- 

1 

0.9 

6 

7.1 

H.  Terrain 

The  Korean  terrain  has  been  described  in  the  introduction. 
Actually  the  incidence  of  cases  distributed  according  to  ter- 
rain in  Table  32  reflected  the  terrain  itself  and  no  special 
significance  may  be  attached  to  the  relative  incidence.  The 
distinctions  between  flat  and  valley  and  between  hill  and  moun- 
tain were  at  best,  arbitrary  and  not  constant  for  the  cases  as 
compared  to  the  controls.  For  this  reason  a simple  dichotomy 
was  utilized  ir.  comparing  terrain  with  degree  of  injury  in 
frostbite  of  the  feet  (Table  33)  and  in  hards  (Table  J4).  T.o 
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significant  relationship  between  terrain  and  degree  or  injury 
could  be  found. 

TABLE  32 

DISTRIBUTION  OF  679  CASES  OF  FROSTBITE  AND 
447  BUNKER-HATE  CONTROLS  ACCORDIiJC  TO  TIRE 
OF  TERRAIN  IN  WHICH  INJURY  WAS  INCURRED 
KOREA,  1951-52 


Terrain 

Cases 

Controls 

No. 

~J 

No. 

~T~ 

Flat 

Valley 

Hill 

Mountain 

64 

93 

333 

189 

9.4 

13.7 
49.0 

27.8 

33 

80 

184 

170 

2.9 

17.9 

41.2 

38.0 

Total 

679 

99.9 

447 

100.0 

Chi  square  - 3.178  df  » 1 P >.05 


TABLE  33 

RELATION  OF  DEGREE  OF  INJURY  TO  TERRAIN  WHERE  INJURY 
WAS  INCURRED  BY  546  CASES  OF  FROSTBITE  OF  THE  FEET 
KOREA,  1951-52 


Maxlmira  Degree  of  Inlury  .-  Feet 


Second 

Th' 

ir*i  { Fourth 

No.  i 'i 

No. 

Jo  KOe 

3 

— d 

f’Oe 

~T~ 

15 

8.8 

5 

4.2  1 

3.7 

48 

8.8 

17 

10,1 

17 

14.2  1 

3.7 

65 

11.9 

78 

46.2 

70 

58.3  21 

77.8 

279 

51.1 

59 

34.9 

28 

23.3  4 

14.8 

154 

28.2 

169 

100.0 

120 

100.0  27 

100.0 

546 

100.0 

Chi  square  « 5.952  df  ■ 3 ? >.10 
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TABLE  34 


RELATION  OF  DEGREE  OF  INJURY  TO  TERRAIN  WHERE  INJURT 
WAS  INCURRED  BY  HI  CASES  OF  FROSTBITE  OF  THE  HANDS 
KOREA,  1951-52 


Kaxlaua  Degree  of  Injury  - Hands 
First  Second  ‘H^ird  I Fourth 

nsn  2 No.  I i IS.  I i no.  | i 


4 13.3  6 9.0 

6 20.7  11  16.4 

10  34.5  31  46.3 

31.0  19  28.4 


2 20.0  0 

3 30.0  2 

5 50.0  2 


Total 

No.  j 

12  10.  tf 
22  19.3 

43  A3 .2 
29  26.1 


Total  29  100.0  67  100.1  10  100.0  5 100.0  111  99.9 


Chi  square  « 3*013  df  • 3 P >.30 


Conditio:',  of  the  Ground  Surface 
Since  wetness  ear.  be  a synergist  in  cold  injury  especially 
when  seepage  through  leather  ccchat  boots  can  occur  and  deep 
snow  can  enter  over  the  tops  of  boots,  it  was  of  interest  to 
note  that,  for  the  experience  as  a whole'  and  irrespective  of 
site  of  injury,  wetness  of  the  ground  did  not  play  a najor  role 
in  this  series  of  frostbite  cases  (Table  35).  Virtually  85%  of 
the  cases  occurred  when  the  ground  was  dry  or  snow  so  shallow 
that  it  could  not  enter  over  boot  tops.  However,  a major  ex- 
ception to  this  statement  was  the  cases  of  frostbite  during  the 
first  cold  wave  of  the  winter,  the  majority  of  which  occurred 
with  the  men  ir  leather  boots.  For  these,  wetness  can  be  con- 
sidered a factor  in  rapid  heat  withdrawal. 

On  examri'  _ the  data  with  respect  to  site  and  degree  of 
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TABLE  35 

D1STHI 37710;!  OF  £4 2 CASES  OF  FROSTBITE  A1JD  442 
BUNXER-JUTE  CONTROLS  AC'CORDUXJ  TO  CCl.OITlOli  OF 
GROblC)  SURFACE  ENCOUNTERED  DURING  EXPOSURE 
KOREA,  1951-52 
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Ground  Surface 

Cases 

Controls 

Condition 

;.’o. 

At 

No. 

^ 

Dry  m ~d 

74 

11.5 

37 

8.4 

Wet  ground 

14 

2.2 

4 

0.9 

Huddy 

34 

5-3 

12 

2,7 

Slushy 

1? 

3.0 

18 

4.1 

Snow  < 2 inches 

314 

48.9 

186 

42.1 

Snow  3-5  inches 

. 158 

24.6 

115 

26.0 

Snow  6-8  inches 

17 

2.6 

38 

8.6 

Snow  9-11  inches 

8 

1.2 

9 

2.0 

Snow  > 1 foot 

4 

0.6 

23 

5*2 

Total 

642 

99.9 

44 2 

100.0 

Chi  square  - 5*596  df  « 2 P >.65 
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injury,  it  was  noted  that  a distinct  and  significant  relation 
existed  between  degree  of  injury  of  the  feet  and'  condition  of 
the  ground  (Table  36).  Dry  ground  wa3  do  re  often  associated 
with  lower  degrees  of  injury  and  wet  Ground  norc  often  with 
higher  degrees  of  frostbite.  Although  nanj*  hand  injuries  were 
associated  with  wet  glo7es,  the  degree  of  injury  in  this  site 
was  apparently  not  associated  with  any  specific  condition  of 
the  ground  surface  (Table  37). 

J.  Conb.it  Action 

The  role  of  combat  activity  in  increasii^  the  incidence  of 
cold  injury  has  been  demonstrated  in  the  European  Theatre  of 
Cpe.atior.  (*')  and  its  effect  on  frostbite  iiicider.ee  in  Korea 
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.RELATION  OF  DEGREE  0?  INJURY  TO  CORBIHO!:  OF  TIE  SURFACE  OF  THE 
GROUia  WHERE  INJURY  WAS  INCURRED  DY  513  CASES  OF  FROSTBITE  OF  THE  FEET 

KOREA,  1951-& 


Dry  ground 


WlBMlMliM 


3 1.6 

4 2.4 


Sncw  < 2 inches 
Sncw  3-5  inches 
Snow  6-8  inches 
Sr.ow  9-11  inches 
Sr.ow  > 1 foot 


245  47.8 
125  24.4 
15  2.9 


99.9  513  100.0 


. Chi  square  « 14.368  df  - 6 P -..05 


suggested  (7).  It  is  extremely  logical  that  intense  ccmbat  would 
be  productive  of  increased  cold  injury  for  such  action  implies 
restriction  of  f:  ledo.n  of  covenant,  prolongation  of  exposure,  lack 
of  opportunity  to  rewarn,  increased  difficulties  in  logistical 
support  (especially  food  ai.d  clothing)  and  neglect  of  personal 
hygiene.  Intense  combat  also  contributes  to  thuse  factors  which 
in  turn  have  core  or  less  subtle  modifying  effects  on  cold  injury 
production,  for  example  fucigue  and  morale. 

The  several  levels  of  coabat  action  nay  be  graded  as  follows 
(from  heaviest  to  lightest  activity): 

1)  Active  offense  with  najor  fighting  or  active  defense 


with  attack. 
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2)  Aebive  defense  with  minor  fighting. 

3)  Static  defense  with  patrolling  and  line  holding. 

4)  Reserve  and  rest. 


TABLE  37 


• RELATION  OF  DECREE  OF  IMJURY  TO  C01DITI0!!  0?  THE  SURFACE  OF  THE 
GROUND  WHERE  INJURY  WAS  INCURRED  BY  112  CASES  OF  FROSTBITE  OF  WE  HANDS 

KOREA,  1951-52 


Ground 

Maximum  Degree  of  Injury  - 

Hands 

Total  I 

Surface 

First 

Second 

Third 

Fourth 

Condition 

No. 

% 

No. 

KOe 

'/» 

Ko* 

— 1> 

Mo. 

.A 

Dry  ground 

4 

v-1 

5 

7-4 

2 

20.0 

0 

J 1 

_&JL 

Wet  ground 

1 

3.  .6 

2 

2.9 

0 

— 

0 

— 

3 

2.7 

Muddy 

0 

— 

2 

2.9 

0 

— 

0 

— 

2 

1.8 

Slushy 

0 

— 

1 

-hi. 

0 

— 

0 

— 

1 

o,? 

Sr.ow  < 2 inches 

17 

60.7 

33 

43.5 

3 

30.0 

5 

83.3 

58 

51.8 

Snow  3-5  inches 

4 

14.3 

21 

30.9 

4 

40*0 

1 

16.7 

30 

26.8 

Snow  6-8  inches 

1 

3-6 

0 

1 

10.0 

0 

— 

2 

1.8 

Sr.ow  9-11  inches 

0 

— 

3 

4 .-4 

0 

— 

0 

— 

3 

2.7 

Sr.ow  > 1 foot 

1 

3.6 

1 

1-5 

0 

— 

0. 

— 

2 

1.8 

Total 

23 

100.1 

6C 

100.0 

10 

100,0 

6 

100.0 

112 

100.1 

Chi  square  - 4.273  df  ■ 6 P >.50 


It  already  has  been  mentioned  that  the  activity  in  Korea  during 
the  winter  of  1951-52  was  much  less  intense  than  in  the  winter 
of  1950-51.  Although  the  inadequate  supply  of  clothing  and  the 
colder  temperatures  of  Northern  Korea  during  December  1950  con- 
tributed in  part  toward  a greater  incidence  of  frostbite,  the 
rapid  swing  of  action  from  active  offense  to  active  defense 
probably  was  the  major  factor  in  this  incidence.  In  tho  winter 
of  1951-52,  however,  the  only  relatively  heavy  action  in  the 
fora  of  active  defense  of  friendly  positions  with  minor  fighting 
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occurred  in  November,  while  the  balance  of  the  winter  saw  the 
Eighth  Army  on  static  defense  with  patrolling  and  line  holding 
and  regiments  rotating  routinely  to  reserve  areas  for  rest. 

A rank-order  correlation  of  mean  regimental  nonthly  frostbite 
rates  derived  from  Table  6 with  their  mean  monthly  battle  casu- 
alty rates  derived  from  Appendix  Table  3 was  attempted  but  no 
correlation  was  found,  although  some  regiments  with  low  battle 
casualty  rates  also  shewed  low  frostbite  rates  (Table  38).  This 
need  not  be  considered  as  Indicating  lack  of  relationship  be- 
tween combat  activity  (as  measured  by  battle  casualty  r*teo)  and 
frostbite  for  other  factors  may  so  modify  the  effect  as  to  ob- 
scure this  relationship.  A clue  to  the  suspicion  that  different 
factors  were  operative  over  the  respective  months  was  found  in 
the  significant  positive  correlation  (Table  39)  between  cold 
injury  rates  and  battle  casualty  rates  in  December  when  general 
activity  was  considerably  less.  ■ Another  approach  was  therefor- 
attempted.  Thi3  involved  an  analysis  of  the  effect  on  cold  in- 
jury rates  by  standardising  battle  casualty  rates  i.e.  correct- 
ing for  combat  action.  This  was  done  by  dividing  the  monthly 
frostbite  rates  for  each  unit  by  the  respective  monthly  battle 
casualty  rates  and  multiplying  by  ICO.  Thus  the  derived  frost- 
bite rates  were  on  the  basis  of  100  battle  casualties  per  1,000 
strength  per  annum  for  each  and  every  unit  (Table  40).  Several 
Important  points  become  apparent  by  inspection  of  this  table 
and  comparison  with  Table  6.  Considering  the  Eighth  Army  a3  a 
whole  and  correcting  for  differences  in  combat  activity  the 
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TABLE  38 

OCKPARISON  OP  MEAN  MONTHLY  COD  INJURY 
RATES  WITH  KEAN  MONTHLY  BATTLE  CASUALTY 
RATES  AMONG  21  UNITED  STATES  REGIMENTS 
KOREA,  1951-52 


RESTRiCTES 

S*c«it)  WtruMa 


Division  and  Reginent 

Kean  Battle 
Casi>*iltv  Rate 

Mean  Cold 
Inlnrv  Rate 

2nd  Infanti-y  Division 

(20)* 

(19) 

9th  Roglaent 

46.9 

2.7 

23rd  Reglfunt 

40.1 

(2ij 

2.3 

(20) 

38th  Raricsnt 

60.1 

(16) 

_ 3.7 

(17) 

3rd  Infantry  Division 

,<5) 

7th  Reglnsont 

83.2 

<81 

32.6 

15th  Ragiaent 

202.2 

14.7 

(U 

65th  R«ir»nt 

13*1.4 

..19) 

29.2 

..(7) 

7th  Infantry  Division 

(l) 

17th  2->ginont 

183.3 

87.3 

31st  Eminent 

175.4 

6 

12.6 

(1A-5) 

32r.i  P>2i-.'nt 

269.9 

(2) 

.24.9 

(9) 

24th  Infantry  Division 

(7) 

(6) 

5th  Ecglrnnt 

157.9 

30.5 

19th  Rogiirent 

220.1 

(1> 

10.2 

(fsi 

21tt  Re.-irent 

191.1 

(4) 

28.5 

25th  Infantry  Division 

14  th  Ecgiront 

83.9 

3.7 

(18) 

27th  Regiment 

103.6 

u 

0.6 

(21) 

35th  Rarirant 

125.1 

(10) 

19.2 

(10) 

40th  Infantry  Division 

lSOth  R>:gicant 

70.1 

(17) 

37.4 

(4) 

223rd  Regirwnt 

51.6 

(19) 

74.6 

(2 

224th  Peri=ont 

155.0 

(8) 

12.6 

{l/i.5) 

45th  Infantry  Division 

(12) 

179th  Reginent 

97.7 

18. 9 

(U) 

180th  Reginent 

68.5 

(18) 

38.0 

<3) 

279th  Rsrinent 

_£L*3_ 

17.9 

(12) 

*}!unbera  in  parenthesis  indie*  te  rank  in  r uik-order 
correlation,  rho  - O.C6U0  P >.10 
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TABLE  39 

CCSFnCIFJJTS  OF  CORRELATION  BETWEEN  SATTLE 
CASUALTY  RATES  AND  COLD  INJURY  RATES  BT 
MONTHS  FOR  21  UNITED  STATES  SEGUE! ITS 
KOREA,  1951-52 
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Coefficient 

Konth  & Tear 

of 

.Correlation 

r 

Nov.  1951 

-0.0728 

>.10 

Dec.  1951 

♦0.6548 

<•01 

Jan.  1952 

♦0.1622 

>.10 

Feb.  1952 

♦0.2911 

>.10 

Mar.  1952 

♦0.4285 

>.05 

Sov.  - Mar. 

♦0.1358 

>.10 

derived  monthly  ccld  injury  rates  for  Jar.uary  and  February  be- 
came auch  higher  than  observed  and  distinctly  higher  than  the 
derived  rate  for  November.  This  was  taken  to  mean  that,  had 
the  same  combat  activity  (as  measured  by  battle  casualty  rates) 
prevailed  month  by  month,  the  rates  in  January  and  February 
would  have  been  higher  than  they  actually  were  and  the  November 
frostbite  rate  would  r.ot  then  have  been  the  highest  for  the 
season.  This  calculation  also  uncovered  a second  point,  namely 
the  tree  effect  of  low  Jar.uary  and  February  temperatures  on  the 
frostbite  rates  as  compared  to  the  higher  temperatures  of  Novem- 
ber, December  and  March.  Referring  to  Appendix  Table  1 and 
Figure  J,  it  will  be  noted  that  the  January  and  February  mean 
temperatures  were  lowest  for  the  season.  Thus  it  can  be  seen 
that  the  seasonal  or  temperature  factor  could  be  hiJJcn  by  in- 
teraction with  combat  activity. 

A third  point  was  also  inferred  since  this  calculation  (Table 
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40)  did  not  reduce  the  November  frostbite  .Ate  below  the  Oecea- 
ber  rate  despite  the.  fact  that  December  tesperatures  were  lower. 
There  thus  suggested  itself  the  presence  of  a third  factor  oper- 
ative in  the  month  of  November.  The  two  possibilities  which 
presented  themselves  were  lack  of  proper  bootgear  and  lack  of 
acclimatization  for  the  first  wave  of  cold  weather.  The  form- 
er was  a highly  documented  fact  for  several  regiments  whereas 
the  latter  is,  thus  far,  hypothetical  conjecture.  It  would 
seem  that,  if  not  the  sole  remaining  factor  in  the  relatively 
high  November  incidence  rate,  the  lack  cf  proper  bootgear  did 
contribute  materially  to  the  high  rate.  This  Impression  was 
supported  by  the  f .ct  that  the  higher  Kovedwr  rate  for  the 
Eighth  Army  was  mainly. contributed  to  by  its  excessive  rates 
of  several  regiments  (Table  1*0).  These  regiments  were  the  units 
who  wore  Improper  bootgear  during  the  last  week  of  November  when 
a cCid  wave  appeared  and  the  snamy  attacked. 

Having  r.oted  the  general  effect  of  cocist  activity  on  the  in- 
cidence of  frostbite,  it  was  deemed  advisable  to  evaluate  the 
relative  effect  on  the  incidence  in  the  three  situations  peculiar 
to  the  Korean  experience  of  1951-52.  The  three  situations  re- 
fer to  the  active  defense  peried  in  November,  the  static  defense 
for  the  balance  of  the  winter  xod  the  reserve  status  of  the 
unit3  throughout  the  winter.  Table  16  presents  the  case  inci- 
dence for  infantry  regiments  on  a total  sar.-days  exposure  basis 
at  the  several  temperature  levels.  These  »»re  calculated  for 
total  regiment-days  In  the  Hive  and  total  regtment-da/s  in  re- 
serve for  live  period  1 December  1951  to  17  March  1952.  It  was 
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noted  that  at  each  average  temperature  interval  the  incidence 
was  larger  (approxinalely  two  tines)  for  the  regiments  In  the 
line  than  for  those  in  reserve.  The  units  in  the  line  were  not 
different  from  the  units  In  reserve  since  regincr.ts  exposed  in 
the  line  were  later  exposed  in  reserve  and  vice  versa.  There- 
fore the  two  groups  were  hceogeneously  constituted.  Usually 
one  infantry  reginent  of  a division  was  in  reserve  with  the 
other  two  in  the  line.  The  reginer.t  in  reserve  then  replaced 
the  regiaent  longest  in  the  lire.  Table  16  shows  that  the  risk 
of  attack  by  frostbite  in  the  line  was  twice  as  great  as  for 
the  regiment  in  reserve.  This  applies  to  the  conditions  of  a 
front  engaged  in  static  defense. 

The  exclusion  of  the  10-day  period  in  November  1951  (21st  to 
30th  inclusive)  froa  Table  16  was  deliberate  for  this  10-day 
period  was  characterized  by  active  defense  with  minor  fighting. 
Table  41  reflects  this  difference  in  the  two  periods  in  dranatic 
fashion.  In  accepting  the  tenfold  increase  in  incidence  as  due 
to  l ■>  greater  coriat  intensity,  caution  should  be  exercised, 
for  there  also  wr.s  included  in  this  period  the  demonstrated  fac- 
tor of  grossly  inadequate  bootgear. 

'Whayne  (6)  has  indicated  the  relative  rates  of  cold  injury  in 
the  European  Theatre  in  World  War  II  on  a case  per  division  per 
day  basis  for  reserve,  static  defense  and  active  defense  types 
of  conbat  activity.  The  data  for  frostbite  in  the  Korean  Thea- 
tre, 1951-52  w*re  calculated  on  the  basis  of  cases  per  regiaent 
per  day  for  the  three  cotriat  situations,  and  the  European  data 
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were  recalculated  for  regiments  by  applying  a 72%  correction  to 
the  division  rates  (average  of  72%  of  cases  in  division  were  in 
infantry  regiments)  and  divided  by  three.  Table  42  presents  this 
comparison.  It  will  be  seen  that  trenchfoot  and  frostbite  had 
similar  patterns  of  relationship  among  the  several  types  of  c co- 
bat  activity.  The  ratio  of  incidence  in  active  defense  to  that 
in  static  defense  for  frostbite  was  larger  than  for  trenchfoot 
though  the  over-all  trenchfoot  rates  were  greater.  This  would 

suggest  that  combat  activity  with  its  immobilizing  action  was  a ' t 

more  prominent  factor  in  frostbite  than  in  trenchfoot. 


TABLE  42 

COMPARISON  OF  REGBENTAL  INCIDENCE  RATES  IK  CASES 
PER  REGIMENT  PER  DAY  FOR  FROSTBITE  IK  KOREA,  1951-52 
. AMD  TRENCHFOOT  IK  EUROPEAN  THEATRE,  WORLD  WAR  II 
WITH  RESPECT  TO  THE  SEVERAL  COMBAT  SITUATIONS 


Combat  Action 

Frostbite  Rate 
Korean  Theatre 
Cases  per  regiment 
osr  dav 

Trenchfoot  Rate 
European  Theatre** 
Ca3os  per  regiment 
day 

Reserve  (a) 

0.09  * 

0.57 

Static  defense  (b) 

0.18 

0.83 

Active  defense  (c; 

1.53 

3.37 

Ratios: 
a:  b:  e 

1:  2:  17 

1:  1.5:  6 

bj  c 

1:  S.5 

1:  4.1 

*includcs  entire  period  21  November  1951  to  17  March  1952. 
**data  recalculated  from  Whayne’s  data  (6). 


Since  an  examination  of  the  "microclimate"  yielded  certain  in- 
teresting relationships  to  frostbite,  it  was  deemed  advisable  to 
st  jdy  combat  activity  in  even  more  minute  detail  - - "micro- 
activity"  as  it  were  - especially  since  the  bulk  of  activity  for 
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units  os  a whole  was  of  the  static  defense  type  and  draaatic 
day  to  day  charges  in  activity  did  hot  occur.  In  Table  25 
above  the  frequency  of  44 0 eases  according  to  specific  type 
of  activity  was  tabulated  froa  detailed  data  for  these  eases 
and  440  controls. 

V/hen  examined  on  the  basis  of  contact  with  tlie  «n esjjr  the 
largest  number  of  cases  occurred  when  no  eneqy  contact  was 
tiade.  However,  the  bulk  of  these  represented  activities  which 
obviated  rnbility  (ambush  patrol,  outpost  guard,  ground  guard 
and  foxhole  .guard)  and  other  means  of  maintaining  wroth.  The 
next  cost  frequent  category  involved  enemy  contact  with  pinning 
action  of  which  the  greater  number  of  cases  occurred  on  the 
Main  Line  of  Hesistar.es  itself. 

On  the  basis  of  specif  ic  activity  but  irrespective  of  er.ery 
contact,  the  bulk  of  the  cases  occurred  during  patrols  or  while 
standing  guard  in  foxholes,  outposts  or  bunkers  agai:  emphasis- 
ing the  factor  of  relative  ir.r.obility.  This  fact  appears  even 
more  clearly  in  Table  43.  The  data  for  this  item  sere  obtained 
by  a careful  appraisal  of  the  replies  of  the  case  and  control 
to  a series  of  questions  designed  to  visualise  the  actual  situa- 
tion which  existed  at  the  time  and  thus  quantitate  the  amount  of 
activity.  If  the  case  occurred  in  a buiJicr,  for  example,  the 
number  of  individuals  occupying  that  bunker,  the  amount  of  head 
room  and  the  number  of  guard  shifts  were  data  pertinent  to  ar. 
estimate  of  the  maximum  movement  possible.  Uinilarly,  on  an  am- 
bush patrol,  a .-ore  reply  to  the  effect  that  he  cccldr.’t  move 
or  "we  weren’t  supposed  to  r..ovu"  was  not  acceptable.  Information 
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was  elicited  as  to  whether  he  could  and  did  move  his  arms  or 
wiggle  his  fingers  or  whether  he  could  roll  over  or  swing  his 

m- 

legs  about.  With  this  in  mind  it  was  felt  that  the  data  in 
Table  43  represented  a ■ reasonably  good  measure  of  degree  of 
activity.  From  this  table  it  was  obvious  that  the  cases  showed 
a preponderance  of  instances  of  immobility.  Comparison  to  the 
controls  in  identical  situations  revealed  that  the  latter  group 
was  definitely  more  active. 

' A chi  square  analysis  revealed  that  the  two  groups  were  not 
from  the  sane  universe  and  that  there  wore  significant  excesses 
of  cases  above  expectancy  in  the  subgroups  "sleeping"  or  "stand- 
ing with  little  movement"  and  deficits  of  cases  in  the  subgroups 
"lying,  kneeling  or  sitting  with  considerable  movement"  and 
"standing  with  considerable  movement".  When  these  item  were 
grouped  into  light  and  heavy  activity  a significant  cld  square 
result  was  obtained  in  a contingency  table  (Table  44)  indicating 
that  ths  frostbite  group  had  a high  degree  of  relative  inactivity 
or  Immobility  and  that  the  control  group  was  more  active  in  the 
identical  situations.  This  factor  of  muscular  activity  is  very 
clearly  implicated  in  heat  production  and  peripheral  blood  flow 
and  thus  a distinct  contributing  factor  to  frostbite. 

It  would  be  logical  to  assume  that  the  degree  of  injury  was 
inversely  related  to  degree  of  activity  provided  that  all  other 
factors  were  constant  for  the  group.  This  could  not  be  estab- 
lished for  either  hand  or  foot  cases  (Tables  45  and  46). 


Shelter 
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Shelter  alone  the  lines  was  far  the  aost  part  in  bunkers,  for 
there  were  no  native  buildings  left  in  which  to  take  refuge, 
ile warning  after  patrols  took  place  in  some  Instances  in  wana-up 
bunkers. 


TA3LE  43 

DISTRIBUTION  OF  702  CASES  OF  FROSTBITE  Al.D  455  BUNXER-MATE 
CONTROLS  ACCORDING  TO  RELATIVE  DEGREE  0?  ACTIVITY  DURING  EXPOSURE 
KOREA,  1951-52 


Activity 


Sleeping 

30 

lying,  kneeling,  or  sitting 

with  nu  Bovcaent 

69 

kneeling,  or  sitting 

with  little  r.oveount 

195 

Lying,  kneeling,  or  sitting 

with  considerable  sovenent 

17 

Standing  with  no  movvaent 

19 

Standing  with  little  aover.ont 

199 

Standing  with  considerable 

aover.ont 

33 

Walking  with  infrequent  breaks 

59 

Walking  with  frenuent  breaks 

. 76 

Total 

702  . 

99.9  455 


Chi  square  - 150. SQ3  df  ■ 8 P <.001 


A sample  of  275  frostbite  cases  which  was  representative  of  the 
case  load  as  a whole  (Appendix  Tables  4 a a-vl  b)  was  studied  for 
type  of  shelter  employed  prior  to  frostbite  and  type  of  heat 
utilised  in  such  shelter.  Data  for  251  of  these  cases  arc  pre- 
sented in  Table  47.  It  will  bo  noted  that  the  rajority  (60;S) 
had  no  he.  t even  though  the  greater  nueber  (?Crt)  of  these  were 
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CCHPARISO’:  BETWEEN  700  CASES  OF  FROSTBITE 
AKD  455  CONTROLS  WITH  RESPECT  TO  H.'TaSITT 
OF  ACTIVITY  AT  THE  OF  EXPOSURE 
KOREA,  1951-52 


BSPS 

■ 

Controls 

m 

QSHHj 

509 

<1»60>» 

251 

760 

191 

20!, 

Ktm 

Total 

Hi 

455 

1155 

Chi  square 

- 37.741 

P <.001 

♦expected  number 


in  bunkers.  This  situation  probably  need  not  have  prevailed 
since  2l£  of  the  men  in  bunkers  did  provide  themselves  with 
heat  in  the  fom  of  improvised  stoves  - usually  large  tin 
can3  with  twigs  and  C Ration  cardboard  cartons  for  fuel.  The 
static  front  pe rail ted  heat  in  many  bunkers  except  for  one 
week  in  February  when  a special  tactical  operation  forbade 
the  use  of  smoke-producing  fires.  Although  shelter  can  be  an 
extremely  inportant  modifying  factor  in  cold  injury,  its  as- 
sessment cn  more  than  a qussl-rjuantitative  basis  was  difficult. 

In  the  1951-52  Korean  experience  inter-regimental  comparisons 
and  "regimental  injury  rate  - shelter  facility"  correlations 
couid  not  be  made  because  of  tho  static  defense  situation  with 
its  relatively  more  uniform  ccnbat  activity  and  relatively  sim- 
ilar shelter  facilities  along  the  entire  front.  It  was  necessary, 
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therefore,  to  resort  to  a simple  description  of  the  "aicrolo- 
eale"  of  exposure  (Table  48).  Zt  was  noted  that  the  bulk  of 
the  cases  occurred,  obviously,  in  situations  In  which  little 
or  no  protective  shelter  could  be  provided. 
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TABLE  47 

distribution  or  251  cases  of  frostbite  accomikc  to  type  of  shelteh 

KORKALLT  EMPLOYED  PRIOR  TO  FROSTBITE  AID  TYPE  OF  HEAT  UTILIZED 
KOREA,  1951-52 


Type 

Ko.  of  Cases  bv  Tmw? 

of  Heat 

of 

Shelter 

Uo 

Date 

^ Lone 

Tent 

Stove 

Impro- 

vised 

Stove 

1&C.1 

Heat 

Tablets 

Candles 

Total 

Kona 

— — 

39 

__ 

, . 





39 

Bunker,  2 man 

15 

48 

— 

13 

— 

6 

■ 1 

83 

Bunker,  >2  man 

5 

47 

4 

21 

1 

— 

— 

78 

Snead  tent 

2 

1 

37 

— 

— 

— 

— 

40 

Hexagonal  tent 
Shelter  - half 

— 

1 

— 

6 

— 

7 

tent 

— 

1 

— 

— 

— 

— 

— * 

1 

Build 5 r» 

— 

1 

2 

— 

— 

— 

— 

3 

Total 

22 

137 

44 

34 

7 

6 

1 

251 

L.  Clothing 

Protection  against  cold  and  wet  by  means  of  toothing  is  cer- 
tainly a prlnary  consideration  in  temperate,  subarctic  and  arc- 
tic clirntes.  In  warfare,  with  its  frequently  necessary  pro- 
longed exposure  under  conditions  of  stress,  proper  clothing 
becomes  ever  more  essential  to  welfare  and  survival.  Cloth- 
ii.g,  by  retention  of  body  heat,  rerains  an  irportant  modifying 
factor  in  cold  injury  .and  specifically  frostbite.  Furthermore, 
adequate  body  clothing  as  distinct  from  foot  and  handgear  is 
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TABLE  A8 

DISTRIBUTION  OP  700  CASES  OF  FROSTBITE 
ACCORDING  TO  LOCATION  AT  TIME  OF  IiWUHf 
KOREA,  1951-52 
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Location  of  Patient 

Case 

No. 

9 

3 

...  S’.. 

On  top  of  ground 

A 12 

56.9 

In  foxhole 

153 

21.9 

In  vehicle 

86 

12.3 

In  tent  or  building 

22 

3.1 

In  bunker 

27 

3.8 

Total 

700 

100.0 

relatively  more  important  in  the  prevention  of  frostbite  than 
in  prevention  of  trenchfoot.  In  the  latter,  wetness  of  the 
extremity  is  instnmrmtal  in  increasing  loss  of  heat  from  that 
extremity  whereas  in  the  former,  a low  ambient  temperature 
plays  the  major  role  and  is  responsible  for  hoat  loss  ftreei 
the  entire  body.  Loss  of  body  heat  because  of  inadequate 
body  clothing  thus  contributes  to  cooling  of  ths  extremities. 

It  was  of  interest  then  to  assess  the  role  of  body  clothing 
and  foot  and  handgear  in  the  production  of  cold  injury.  Un- 
fortunately, the  data  on  body  clothing  were  obtained  for  only 
a sample  of  the  patients  and  for  none  of  the  controls.  Foot 
and  hardgear  data,  however,  wore  available  from  the  basic  in- 
terviews of  patients  and  bunker-cate  controls.  For  the  body 
clothing  survey,  275  frostbitten  patients  were  interviewed  by 
the  Quartermaster  Corps  observer  attached  to  the  team.  The 
data  were  obtained  by  questioning  patients  as  to  the  gear  worn 
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at  the  tins  of  their  frostbite.  This  was  done  i rased lately  after 
their  arrival  at  the  ?5th  Evacuati  >n  Hospital  so  that  aemory 
loss  was  insignificant.  Furthermore,  both  pictures  and  actual 
items  of  gear  were  shown  the  patients  to  determine  the  exact 
items  worn  at  the  time  of  injury.  Assessment  of  adequacy  of 
this  gear  for  the  temperature  and  duration  of  exposure  by  Quar- 
termaster Corps  standards  for  the  various  ensembles  was  made 
and  recorded  separately  for  the  upper  and  lower  portions  of 
the  body.  Table  49  reveals  the  extent  to  which  gear  was  ade- 
quate for  the  sample  of  cases.  It  will  be  noticed  that  upper 
and  lower  body  clothing,  headgear  and  handgear  were  relatively 
adequate,  but  bootgear  was  markedly  inadequate.  To  avoid  mis- 
interpretation it  should  bo  noted  that  each  item  was  zeasured 
individually.  The  number  of  individuals  who  had  adequate  gear 
in  all  categories  was  also  calculated  and  it  was  found  that 
31.6%  of  the  sample  fell  in  this  group.  Thus  the  bulk  of  the 
sample  revealed  inadequacies  in  gear  in  at  least  one  category. 

This  finding  reflects  the  oft  repeated  aphorism  that  "supply 
does  not  necessarily  imply  use".  In  Section  II  of  this  report 
the  availability  of  clothing  supply  to  units  was  discussed  and 
can  be  summarized  as  having  been  extremely  good.  Whajiie  (6) 
stated,  "It  is  not  enough  that  these  supplies  should  be  brought 
to  the  division  area,  but  it  also  is  essential  that  provision 
be  made  to  supply  the  farthest  forward  small  units  regularly". 

To  this  could  easily  bo  appended  the  statement  "and  that  command 
and  the  soldier  be  rigorously  trained  ir.  the  proper  utilization 
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TABLE  49  ImMj  tiinwtw 

DISTRIBUTION  OF  A SAMPLE  OF  275  CASES  OF  FROSTBITE 
ACCORDING  TO  ADEQUACY  OF  BODY  CLOTHING  AIT)  CEAH 
KOREA,  1951-52 


Clothing 

Adequate 

Inadequate 

Ko  Data 

Total 

lie. 

2b 

No. 

No. 

T 

No. 

Upper  body  clothing 

231 

64.0 

43 

15.6 

1 

0.4 

275 

Lower  body  clothing 

22b 

62.2 

48 

17.5 

1 

0.4 

275 

Headgear 

263 

95.6 

10 

3.6 

2 

0.7 

275 

Handgear 

196 

71.3 

66 

24.0 

13 

4./ 

275 

Footrear 

_2ii_ 

119 

J04- 

1 

0.4 

275 

of  the  gear". 

Since  Table  49  does  not  reveal  the  relationship  of  site  of 
Injury  to  adequacy  of  gear  protecting  the  site.  Table  50  is 
presented  for  that  purpose.  It  will  be  noted  that  hand  eases 
logically  had  a much  larger  number  with  inadequate  combina- 
tions of  handwear  than  ight  be  sumised  froo  Table  49.  Foot 
cases  also  showed  a higher  percentage  with  inadequate  boot- 
gear  and  ear-  eases  revealed  a tiuch  greater  proportion  with 
inadequate  headgear  than  would  be  indicated  by  Table  49.  It 
was  obvious  that  the  findings  in  Table  50  were  masked  in 
Table  49  due  to  nuuual  dilution  by  the  many  hand  cases  and 
foot  cases  with  adequate  headgear,  the  hand  and  ear  cases 
with  adequate  oootgear  and  the  foot  and  ear  cases  with  ade- 
quate ha-'idgcar.  For  example,  in  Table  49  only  3.6,1  of  the 
total  cases  had  inadequate  headgear,  but  actually  (Table  50) 
five  out  of  six  or  83»3i”  of  the  ear  cases  had  inadequate  head- 
gear. The  significance  of  this  deficiency  was  submerged  by 
the  great  number  of  cases  who  had  fool  or  hard  involvement  but 
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tthos*  ear 3 were  r.ot  injured  probably  because  they  bad  adequate 
headgear. 

TABLE  SO 

HELATIOJJ  OF  SITE  CF  UUURT  TO  ADs'UACT  OF  PSRT1KEST  GZA1  AHjIC 
275  CASES  OF  FROSTBITE  SELECTED  AT  aALECK  FROM  THE  TOTAL  CASE  LOAD 
KOREA,  1951-52 


Site  of  Injury 

Adequacy  of  Gear  for  I;i  lured  Site 

& 

i Ad*cuate 

1 Inadequate 

Total 

Gear  Involved 

VOm 

1.0. 

7 

.» 

Pure  hands  (hand wear) 
Hand-Foot  combinations* 

13 

30.2 

30 

69.8 

43 

- (hand wear) 

19 

65.5 

10 

34.5 

29 

- (footgear) 

16 

51.6 

15 

*>6*4 

31 

Pure  feet  (footgear) 

93 

46.9 

97 

51.1 

190 

Ears  (headgear) 

1 

16.7 

5 

S3 .3 

6 

Total 

142 

47.5 

157 

52.5 

299 

* This  includes  the  duplication  ir.  the  hand-foot  coosinations: 
once  for  har.dwear  aid  then  for  footgear. 


1.  Bootgear 

Since  bootgear  a s'  a whole,  irrespective  of  site  of  in- 
jury, was  rest  often  iudequate  for  a greater  : turbo r of 
cases  it  was  Jeered  advisable  to  study  the  types  of  boot- 
gear  worn  by  the  troop?  as  a further  insight  to  adequacy 
under  the  specific  climatic  conditions.  Table  51  prcser.ts 
the  distribution,  cf  foot  eases  anj  bunker-rale  coi.trols  ac- 
cording to  bootgear  worn  at  tir*  cf  injury.  Cf  interest 
was  the  fact  that,  although  nary  Tove-ber  cases.  occurred 
while  several  regiments  were  wearirg  leather  combat  boots, 
the  greater  nurl-r  of  cases  occurred  in  shoepacs  aid  fur- 
ther: ore  the  r.cw  insulated  rubber  corb.it  fr-ots  Jid  not 
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prevent  cold  injury  in  l£  instances.  Table  51  indicates, 
in  addition,  that  a significant  excess  of  cases  wore  two- 
fcuckle  leather  cccbat  boots  as  compared  to  the  controls 
and  a significantly  smaller  proportion  of  cases  wore  In- 
sulated rubber  coebat  boots.  This  Inadequacy  was  borne 
out  further  by  eoeparison  of  the  foot  cases  with  hand  and/ 
or  oar  cases  in  the  same  experience  on  the  hypothesis  that, 
if  the  type  of  bootgsar  did  affect  the  incidence  of  frost- 
bite of  the  feet,  then  pure  hand  or  ear  cases  exposed  to 
cold  but  with  no  injury  to  their  feet  would  show  a signi- 
ficantly different  distribution  of  bootgea r (Table  52). 

It  will  be  noted  that  the  hand  cases  did  show  a markedly 
lower  nur-ber  wearing  both  types  of  leather  combat  boots  and 
a eery  significantly  greater  rruebor  wearing  the  insulated 
rubber  coebat  boot.  Thus  it  appeared  that  leather  coebat 
boots  were  core  conducive  to  frostbite  evan  though  more 
than  half  the  cases  were  in  shoopaes.  This  latter  merely 
indicated  that  more  of  the  exposed  troops  were  in  shoepacs. 

In  view  of  the  abova  finding  the  relation  of  type  of 
bootgesr  to  degree  of  injury  was  next  explored.  Table  53 
reveals  a significant  excess  of  fourth  degree  injuries 
among  cases  of  frostbite  of  the  feet  wearing  leather  con- 
bat  boots  and  a significantly  greater  number  of  less 
severe  injuries  in  shoepacs.  These  findings  led  to  the 
conclusion  that  shwpaes,  though  not  too  successful  in  pre- 
venting frostbite,  did  protect  against  more  severe  Injuries 


when  corepared  with  leather  conbat  boots. 
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TAHLb  51  Sicarit!  WnM 

distribution  or  576  cases  of  frostbite  of  the 

FEET  AM)  455  DtK.TOiR-HATE  CO.’.THCLS  ACC0RDI15  TO 
TYPE  OF  FOOTGEAR  WORM  AT  T1>E  OF  IJWURT 
KOREA,  1951-52 


Tjrpe  ef  Fcotcear 

‘ 

Ca 

?C5 

Cor 

trols 

?:©. 

:« 

No*  • 

i 

Boots,  service,  cccbat,  russet 
Boots,  service,  eorsbat,  2-bucklo 
Boots,  leather,  with  overshoe 
Shoepac 

Boots,  co.obat , rubber,  insulated 
Shoes,  service 
No  footrear 

114 

138 

a 

299 

16 

4 

19.8 

24.0 

0.3 

51.9 

2.3 

0.7 

Q.5 

107 

66 

2 

226 

54 

0 

0 

23.5 

14.5 
0.4 

49.7 

11.9 

Total 

576 

100.0 

455 

100.0 

Chi  square  « 50.114  Jf  • 6 P <.001 


TABLE  52 

DISTTU2‘JT10:!  OF  576  FOOT  CASES  AM)  124  HAND 
0?.  EAR  CASES  OF  KhCSTiiVTS  ACCORDING  TO  TIE 
ri?i*  OF  FOOTGEAR  WOR.1:  AT  THE  OF  1JWW0C 
KOREA,  1951-52 


Type  cf  Footgear 

POO 

t ?arcs 

Hand 

Car.  CD 

!*o. 

,•> 

::oi 

. j 

Boots,  rerviee,  eos-bat,  russet 

114 

17.8 

10 

8.1 

soots,  service,  Cor.bat,  2-buckle 

13S 

24.0 

8 

Boots,  leather,  with  overshoe 

2 

0.3 

0 

— 

Shuepac 

299 

51.9 

66 

53.2 

soots,  co-bat,  rubber,  ii.stil.ate.l 

lb 

2.8 

'40 

32.2 

Ghees,  service 

0.7 

0 

— 

:'o  footrear 

3 

0.5 

0 

-- 

Total 

y 

100.0 

li. 

100.0 
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Sockgear  U«*,*~*m 

An  analysis  of  sockgear  worn  at  the  tine  of  Injury  ms 
considered  in  view  of  the  range  of  ins ulatiYe  protection 
afforded  by  the  several  types  of  socks  and  the  possible 
constrictive  combinations  with  bootgear  which  could  occur. 
Table  % indicates  that  among  the  cases  of  frostbite  of 
the  feet  there  was  an  excess  of  individuals  wearing  but  a 
single  pair  of  wool  ski  socks.  A detailed  comparison  of 
this  group  with  the  corresponding  group  among  the  controls 
with  respect  to  type  of  bootgear  worn  revealed  a signifi- 
cant excess  of  cases  wearing  two-buckle  leather  combat 

l 

boots.  The  possibility  that  this  combination  is  a con- 
strictive one  Rust  be  borne  in  mind.  It  was  obvious  that 
better  Information  could  be  derived  by  an  analysis  of 
boot_ear-sockgear  combinations.  These  will  be  discussed 
below. 

If  certain  types  of  sockgear  were  inadequate  in  insula- 
tion value,  were  constrictive  in  certain  bootgear  combina- 
tions or  reflected  the  proper  combination  with  a type  of 
bootgear  which  was  conducive  to  frostbite  as  was  noted 
above  in  Tables  51  and  52,  then  the  types  of  sockgear 
should  also  have  borne  a positive  relationship  to  severe 
degrees  of  frostbite.  This  was  true  for  ca3es  wearing  two 
pairs  of  cushion  sole  socks  (Table  55).  A detailed  analysis 
of  the  41  cases  in  this  category  by  comparison  with  similar 
controls  in  regard  to  typo  of  bootgear  worn  showed  a signi- 
ficant excess  of  cases  wearing  two-buckle  leather  combat 

RESTRICTED 

SKantt 


299 


RESTRICTED 

TABLE  54  *•“"*  “»«*■ 

DISTRIBUTION  OF  573  CASES  Of  FROSTBITE  OF  THE 
FEET  AID  1,55  BUNKER-KATE  CONTROLS  ACCORDING 
TO  TC?E  OF  SOCKGEAR  WORE  AT  TIME  OF  U.JURI 
KOREA,  1951-52 


Typeof  Sockgear  Worn 

Cases 

Controls 

!Io. 

c ... 

d 

S. 

Socks,  wool  cushion  sole  1 pair 

177 

30.9 

176 

38.7 

Socks,  wool  cushion  sole  2 pair 

41 

7.2 

27 

5.9 

Socks,  wool  ski  1 pair 

67 

11.7 

15 

3.3 

Socks,  wool  ski  2 pair 

166 

29.0 

116 

25.5 

Socks,  wool  ski  3 pair 
Socks,  wool  cushion  sole  an! 

2 

0.3 

5 

1.1 

socks,  wool  ski 

U5 

20.1 

116 

25.5 

'.lo  sock  3 

5 

0.9 

0 

— 

Total 

573 

100.1 

455 

100.0 

Chi  square  « 37.975 

df  - 6 

P <.001 

toots.  It  can  bo  concluded  that  this  probably  constrictive 
combination  of  two  pair3  of  socks  in  leather  combat  boots 
was  significantly  related  to  more  severe  frostbite.  Thus 
we  have  two  situations  each  pointing  to  the  leather  combat 
boot  as  having  been  conducive  to  aore  severe  injuries. 

3.  Bootgear-Soekgoar  Combinations 

Certain  standard  combinations  of  boots  and  socks  have 
been  determined  by  (Juartcrrmstcr  research  as  being  appro- 
priate for  the  several  ranges  of  ambient  temperatures  and 
ground  conditions.  Assuming  proper  fit  of  the  boot,  then 
a reduction  in  the  number  of  sock  layers,  a thinner  layer 
and  for  that  matter  the  substitution  of  an  improper  boot 
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can  spall  inadequate  insulation  for  the  foot  for  the  given 
ambient  temperature.  Thus  -a  leather  boot  with  one  pair  of 
cushion  sole  socks  at  0*  to  -10*  F.  is  considered  inadequate 
insulation  as  is  also  a shoepae  with  one  pair  of  cushion 
sole  socks. 

On  the  other  hand  an  increase  in  the  number  of  sock 
layers  over  the  standard  or  a thicker  layer  may  produce 
constriction  of  the  foot  or  at  least  increased  sweating 
with  greater  heat  conduction.  Thus  .leather  boots  with  two 
or  three  pairs  of  cushion  sole  socks  or  shoepacs  with  three 
pairs  of  wool  ski  socks  can  be  constrictive.  The  latter 
can  also  be  conducive  to  excessive  sweating  and  upon  Im- 
mobilization lead  to  rapid  loss  of  heat.  Tables  5 & and  58 
present  the  bootgear-sockgear  combinations  for  White  and 
Kegro  foot  cases  respectively,  and. Tables  57  and  59,  the- 
corresponding  data  for  bunker-cat*  controls.  Whites  and 
I.'egroes  were  analyzed  separately  since  some  differences 
were  noted  between  then  with  respect  to  sockgear  worn  (See 
"Race",  below).  Significant  excesses  were  noted  anonc 
White  cases  wearing  a single  pair  of  cushion  sole  socks  in 
leather  cocbat  boots  (inadequate  gear  for  the  temperatures 
encountered),  a single  pair  of  cushion  sole  socks  in  shoe- 
pacs (inadeqjate  insulation),  two  pairs  of  cushion  sole 
socks  in  leather  combat  boots  (probably  constrictive)  and 
one  pair  of  ski  socks  in  .leather  cocbat  boots  (probably 
constrictive).  Ar.ong  Hegroes  an  excess  of  cases  was  noted 

wearing  one  pair  of  ski  cocks  in  leather  l-cot.-.  (probably 
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constrict! ve  and  certainly  inadequate  insulation  for  the 
existing  tenperaturer).  • 

U.  Sxtra  Footwear  Carried 

Since  socks  and,  in  the  care  of  shoopacs,  insole  a beeoae 
saturated  rapidly  with  sweat  er  frur.  external  liquids,  thu3 
losir.;  their  insulative  qualities,  the  availability  of  extra 
footwear  of  this  type  of  charge  be  tone:  important  it.  the 
prevention  of  cold  injury.  Troops  are  usually  indoctrinated 
it.  foot  hyr.ier.e , including  the  r.eei  for  chanritC  of  socks 
arj  insoles  frequently  to  retain  adequate  insulation.  Such 
iters  rxsl  be  r.ade  available  a;  ! each  soldier  should  carry 
then  a..d  take  advantare  of  ary  opportunity  to  chaise  socks 
and  insoles.  Certainly  sock  charge  on  patrols  la  r.ot  ex- 
pedient rilltarily,  althottfh  in  rate  instances  a control 
svrjest  claimed  to  have  lone  re.  Opportunities  ray  arise 
when  socks  can  be  charred  and  to  have  tbs  on  h.s  person 
cculi  rear,  t'ne  difference  between  told  injury  at.S  r.o  cold 
injury  to  the  fror.t-lir.e  riflcmr..  Detailed  data  or;  ulti- 
mate unit  Sistrilmtic:.  were  r.ot.  available  but  r.o  p;ro:ss  evi- 
dences ef  inadequacy  'f  supply  were  noted.  The  rare:,  .ar.d 
ctntrolr.  were  interv:>-wed  with  toward  to  the  eactrt  footwear 
which  they  carried  r.  their  j.—rsor.  or  was  irrc*liuto!y  avail- 
arle  to  t her.  ii  their  . unl.qrs  it;  those  inst.u ccr  where  in- 
juries occurred  is.  : ttk-Tr.  !r.  Table  t>U  there  will  be  seen 
a r .rke!  llsparity  with  re/uard  to  this  factor  between  the 
aw;  >'r  ps . The  cate.-  !.  wet  a highly  significant  ••xcern  of 

RESTRICTED 

307 


RESTRICTED 

banqMnNa 

Instances  In  which  neither  extra  seeks  nor  extra  Insoles 
were  carried  by  then*  This  undoubtedly  contributed  to  the 
Incidence  of  cold  injury.  That  this  was  probably  not  a 
eajor  factor  in  the  production  of  frostbite  is  presided  be- 
cause in  other  instances,  despite  the  carrying  of  such  extra 
gear,  a great  nueber  of  injuries  occurred  on  patrols  or  other 
situations  when  sock  and  insole  change  could  not  practically 
be  accotnlished.  However  that  this  factor  was  of  soar  sig- 
nificance was  revealed  by  an  analysis  of  cases  and  controls 
exposed  to  lew  ambient  temperatures  in  situations  in  which 
sock  or  insole,  change  could  have  taken  place  expediently. 

In  5^0  cases  of  frostbite  of  the  feet,  252  or  U5i  were  in 
situations  permitting  change  of  socks  and  insoles  yet  only 
166  or  77 i of  the  latter  carried  extra  footwear  to  change. 
This  nay  be  compared  to  21i»  out  of  396  controls  or  5 Ui  in 
situations  permitting  change  of  socks  with  196  or  9?J  of  the 
latter  carrying  extra  footwear  for  change.  It  would  appear 
that  extra  footwear  should  be  carried  irrespective  of  the 
circumstances  so  that  change  of  socks  and  insoles  can  be 
executed  whenever  the  situation  permits, 
liandwear 

Adequacy  of  hardgear  undoubtedly  modified  the  occurrence 
of  frostbite  of  the  har.ds.  Table  61  presents  a comparison 
of  hand  cases  ajid  bunker-rate  controls  according  to  the  type 
of  handgear  von.  Chi  qua  re  calculations  indicated  that 
there  was  .1  highly  significant  excess  of  cases  without  gloves 
at  time  of  injury  or  wearing  only  glove  inserts,  whereas  loo 
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TABLE  60  kart?  WmM 

- DISTRIBUTION.  OF  685  CASES  OF  FROSTBITE  AND  A 54  SMCER-KATE 
CONTROLS  ACCORDING  TO  ITBiS  OF  EXTRA  FOOTWEAR  CARRIED 
AT  TIME  OF  INJURE 
KOREA,  1951-52 


. 

Extra  Footwear  Carried 

Cases 

1 Controls 

No. 

No. 

: r 

Extra  socks 

2U 

31.2 

200 

44.1 

fbetra  socks  and  Insoles 

21? 

31.7 

206 

45.4 

No  extra  socks  or  insoles 

204 

29.8 

36 

7.9 

Extra  insoles  - No  extra  socks 

9 

1.3 

5 

1.1 

Extra  socks  - No  extra  insoles 

6.0 

7 

1.5 

Total 

685 

100.0 

454 

100.0 

Chi  square  ■ 100.905  df  • l F <-001 


few  eases  wore  complete  mitten  ensembles.  This  finding  wms 
further  emphasised  by  utilizing,  as  controls,  those  eases 
in  which  only  the  feet  were  frostbitten  assuming  that  if 
exposure  were  ndcqnato  in  these  cases  to  produce  frostbit* 
of  the  feet,  their  hondwear  distribution  should  be  signifi- 
cantly different  from  that  among  the  hand  cases.  Table  62 
confirms  this  suspicion.  It  will  be  noted  that  a highly 
significant  excess  of  hand  cases  wore  no  gloves  at  all  or 
only  glove  Inserts.  Individual  histories  revealed  that  gloves 
removed  to  ‘’unjam™  automatic  weapons  were  frequently  lost 
suggesting  the  necessity  for  some  device,  as  a mitten  cord 
about  the  neck,  to  prevent  such  loss,  furthermore  cases 
frequently  indicated  the  need  to  remove  outer  shells  for 
better  manipulation  of  the  trigger  ringer.  Tills  would  point 
to  the  need  for  a more  highly  Insulative  yet  thinner  Insert 
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SM  61  to!9 

DISTRIBUTION  Of  145  CASES  OF  FROSTBITE  OF  TIB  HANDS 
AND  447  BUHKER-KATE  CON TOOLS  ACCORDING  TO  HAND- 
GEAR  WORN  AT  TDCS  OF  INJUR7 
KOREA.  1951-52 


Handgear 

Hsiii 

Cases 

Controls  1 

No. 

No. 

Hitters,  cprplete 

A3 

29.7 

211 

A7.2 

Kittens,  shell  only 

1 

0.7 

2 

0.A 

Kittens,  Insert  only 

5 

3.A 

A 

0.9 

doves,  couplets 

56 

38.6 

211 

A7.2 

Gloves,  shell  only 

1 

0.7 

2 

0.A 

Gloves,  Insert  only 

16 

11.0 

8 

1.8 

Ho  gloves 

2? 

15.9 

9 

2.0 

Total 

1A5 

100.0 

AA7 

99.9 

Chi  squirt  - 76.7033  df  - 6 P <.001 


TABLE  62 

COKPAHISON  OF  KAKDVi’EAR  KORN  BI  377  PURE  FEET  FROSTBITE 
CASES  AND  115  ItfJIO  PR0ST3ITE  CASES 
KOREA,  1951-52 


Type  Handviir  Vum 

Pure  Feet  Cases 

INs. 

"ft 

. _ 

Kittens,  complete 

159 

42.2 

A3 

29.7 

Kittens,  shell  only 

0 

- 

1 

0.7 

Kittens,  insert  only 

7 

1.8 

5 

3. A 

Gloves,  cor.elete 

ISO 

A7*7 

56 

38.6 

Gloves,  shell  only 

3 

0.8 

1 

0.7 

Gloves,  insert  only 

8 

2.1 

16 

11.0 

No  cloves 

20 

5-3 

23 

_Ji2_ 

Total 

377 

99.9 

145 

100.0 

Chi  square  - 42.208  df  - 6 P <.001 
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6.  Insulated  Rubber  Cochat  Boot  Uat*tU***m 

The  new  Insulated  rubber  combat  boot  anploylng  the  vapor 
barrier  principle  began  making  its  appearance  amg  United 
States  Infantry  troops  shortly  after  1 December  1951*  The 
United  States  Karines  in  Korea  had  been  fully  equipped  prior 
to  the  advent  of  cold  weather  but  difficulties  ef  supply  fay 
manufacturers  created  a problem  of  distribution  to  the  rest 
of  the  United  States  units.  The  retarded  distribution,  how- 
ever. made  comparative  rate  etudies  possible,  tor  distrltxitlon 
was  not  complete  for  all  United  States  front-line  units  until 
the  end  of  Peoruary.  If  the  new  boot  would  afford  a high 
degree  of  protection,  the  ratio*  of  cases  of  frostbite  of 
the  feet  to  eases  of  frostbite  of  the  hands  should  decrease 
with  the  it  ue  of  the  boot  to  the  Individual  front-line  units. 
That  the  insulated  rubber  boot  appeared  to  have  reduced  the 
foot-to-I  nd  injury  ratios  acong  the  several  divisions  la 
noted  In  Figure  9.  Thu  1st  Cavalry  and  2tth  Infantry  Divisions 
never  did  receive  the  new  boot  since  they  were  withdrawn  from 
front-line  duty  before  the  boot  was  issued.  The  1st  Cavalry 
was  rotated  early  in  the  cold  season  but  the  31th  Infantry 
served  a good  portion  of  the  winter  and  hence  Its  ratio  of 
casea  can,  in  a sense,  be  considered  a control.  On  the  other 
hand  the  1st  Karine  Division,  fully  equipped  with  the  boot 
before  cold  weather  set  in  and  thus  representing  a unit  wear- 

* Absolute  reductions  in  nuaber  of  foot  cases  were  not  relied 
upon,  since  a decline  in  temperature  could  cause  over-all 
increases  and  obscure  decreases  derived  by  wearing  the  boot. 
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ing  the  boot  throughout  the  cold  season*  had  an  extremely 
low  ratio  of  foot-to-hand  cases  similar  to  the  ratios 
experienced  by  the  25th  and  40th  Tnfantry  Divisions  after 
they  were  equipped  with  the  insulated  rubber  boot*  Seductions 
were  apparent  in  alisost  all  units  and  the  reduction  in  the 
ratio  for  the  Eighth  km?  as  a whole,  including  the  miscellan- 
eous support  units  who  never  received  the  boot,  was  2.5-fold 
(from  3« 5:1  to  1.4:1}. 

The  relationship  of  the  issue  of  the  insulated  rubber  combat 
boot  to  the  monthly  ratio  of  foot-to-hand  cases  was  further 
explored  by  calculating  the  percentage  of  completion  of  issue 
to  regiments  from  data  provided  by  the  Quartermaster  Corps  ofrice 
in  Korea.*  figure  10  is  presented  to  show  this  relationship. 

As  the  issue  of  toots'  proceeded  and  neared  completion,  it  was 
apparent  that  the  hand  cases  reprecented  increasing  propor- 
tions of  the  monthly  total  of  eases. 

If  the  new  boot  is  relatively  nore  protective  against  cold 
injury,  then  a reduction  in  incidence  of  the  relatively  more 
severe  forms  of  cold  injury  of  the  feet  should  have  been  noted 
with  increasing  utilization  of  the  boot.  Figure  11  indicates 
such  a trend.  Whereas  in  November  32. 6^  of  the  foot  injuries 
were  third  or  fourth  degree . in  February  this  was  reduced  to 
16.9»  (March  represented  but  six  cases).  Such  a trend  may 
also  be  due  to  a decrease  in  combat  activity. 

Thus  there  appeared  to  be  evidence  that  the  new  rubber  boot. 


i ; 
i 

i 

1 

1 9*" 

i I 
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Mid-month  regimental  strengths  and  -aid-month  data  for  dis- 
tribution of  tie  loot  were  utilized,  calculating  the  specific 
faction  of  a regiment  completed  on  the  basis  of  battalion 
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FIG.  II.  RELATIVE  MONTHLY  INCIDENCE  OF  DEGREE  OF  INJURY  IN 
FROSTBITE  OF  THE  FEET  - KOREA,  1911-52. 
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though  not  completely  preventing  frostbite  of  the  feet,  aeeasd 
to  reduce  the  incidence  and  the  severity  at  least  for  condi- 
tions of  combat  as  represented  by  the  static  defense  opera- 
tions in  the  winter  of  1951-52.  The  protection  afforded 
tinder  more  rigorous  conditions  of  stress  in  the  field  (severe 
combat  activity  and  very  low  ambient  temperatures)  remains 
to  bo  Men. 

X,  Relation  of  Condition  of  Extremities  to  frostbite 

Although  more  properly  a host  factor  because  of  physiologic 
differences  in  sweating  among  individuals,  the  condition  of  the 
extremities  is  so  intimately  linked  with  the  type  of  gear  worn 
that  it  will  be  discussed  in  relation  to  clothing. 

Earlier  it  was  mentioned  that  wetness  itself  did  not  play  a 
major  role  in  frostbite  end  that  the  climate  and  terrain  in  Korea 
was  more  favorablo  to  the  production  of  frostbite  than  trenchfoot. 

Even  at  lower  ambient  temperatures,  however,  wetness  assists  mate- 
rially in  cooling  of  the  extremity  by  rapid  conduction  of  heat 
away  from  the  part.  Thus  sweat  or  external  water  can  play  a sig- 
nificant part  in  frostbite  production.  In  Table  6}  it  can  be  seen 
that  feet  wet  from  melted  snow  or  from  wading  In  water  were  more 
frequently  found  among  frostbit*  cases  than  among  the  controls. 

There  was  no  significant  number  of  cases  with  feet  wet  from  muddy 
ground.  Tills  was  readily  accounted  for  by  the  fact  that  in  Korea 
thaws  rarely  occurred  during  the  winter  season. 

The  relation  between  the  condition  of  the  feet  and  the  severity 
of  the  frostbite  was  examined  and  a tendency  was  noted  for  more 
severe  injuries  to  occur  with  wetness  from  external  sources  (Table  64). 
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TABLE  63  ‘IkwIj  Hit nxm 

COMPARISON  OP  566  CASES  OP  FROSTBITE  OF  THE  FEET  AND 
454  BUNKER-MATE  CONTMDLS  WITH  RESPECT  TO  CONDITION 
OF  FEET  AT  TIME  OF  INJURY 
KOREA,  1951-52 


Condition  of  Feet 

Cases 

Controls 

No. 

!T 

No. 

V 

Dry 

154 

27.2 

113 

24.9 

Wet  with  sweat 

239 

42.2 

238 

52.5 

Wet  from  muddy  ground 

9 

1.6 

1 

0.2 

Wet  from  melted  snow 

139 

24.6 

96 

21.2 

Wet  from  wadir.n  in  water 

4.4 

5 

1.1 

Total 

566 

100.0 

m 

99.9 

Chi  square  - 32-954  df  - 4 P <-001 


TABLE  64 

RELATION  OF  DEGREE  OF  INJURY  TO  CONDITION  OF  FEET  AT  TIME  OF  INJURY  AMONG 
566  CASES  OF  FROSTBITE  OF  THE  FEET 
KOREA,  1951-52 


Condition 

of 

Feet 


Degree  of  Injury  - Feet 
First  Second Thin! 


No. 


No. 


Fourth 


Total 


No.  I 


No. 


Dry 

Wet  with  sweat 
Wet  from  ruddy 
ground 

Wet  from  melted 
snow 

Wet  from  wading 
in  water 


62 

105 

1 

64 

10 


25.6 

43.4 

0.4 

26.4 


44 

*5 

2 

3/- 

$ 


Total 


242 


79.? 


173 


25.4 

49.1 

1.2 

19.7 

4. 61 

100.0 


39 

45 

4 

34 


31.0 
35-7 

3-2 

27.0 

_JL2 


36.0 

16.0 

a.o 

23.0 

12.0 


154 

23/ 

9 

139 


100. 1 


25 


xo.o 


27.2 


566 


100.0 


Chi  square  m 26.164  df  ■ 12  P <.02 
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This  was  not  at  all  surprising  when  It  ms  noted  that  leather 
combat  boots  were  primarily  Involved  In  permitting  the  feet  to 
become  wet  from  external  liquids.  Furthermore,  these  boots  were 
grossly  inadequate  for  the  temperatures  encountered.  Since  such 
large  numbers  of  eases  claimed  their  feet  were  wet  with  sweat 
and  from  melted  snow,  it  ms  of  interest  to  relate  the  condition 
of  the  feet  to  the  type  of  bootgear  worn  at  the  tins  of  injury. 

In  Tables  65,  66,  67  and  63  White  and  Negro  eases  and  controls 
all  show  similar  patterns.  Cases  wearing  the  leather  combat 
boot  which  is  not  impervious  to  liquids  shewed,  as  was  to  be 
expected,  a high  incidence  of  wet  feet  from  external  seepage  (mud 
or  snow)  whereas  cases  wearing  the  shoepac  or  insulated  rubber 
boot  had  a very  high  percentage  of  feet  wet  with  sweat.  The  new 
insulated  rubber  combat  boot  appeared  to  have  produced  core  sweat 
than  did  shoepacs;  however,  chi  square  (contingency  tables)  cal- 
culations show  these  differences  not  to  be  significant.  In  any 
event  it  •fill  be  recalled  from  previous  tables  that  the  new 
insulated  rubber  boot  was  rarely  associated  with  frostbite  despite 
its  high  sweat  induction.  This  is  readily  understood  when  it  is 
realised  that  in  the  new  boot  sweat  could  not  serve  too  well  as 
a conductor  since  the  insulation  is  sealed  between  Impervious 
rubber  layers,  whereas  in  the  shoepae  the  sock  and  insole,  serv- 
ing as  insulators,  becoite  saturated  with  sweat  and  lose  their 
insulating  qualities.  The  differences  between  cases  and  controls 
noted  in  Table  63  above  were  found  to  be  primarily  in  wetness  from 
external  sources.  Inspection  of  Tables  65  to  68  inclusive  reveals 
that  these  differences  were  maintained  in  the  race  and  gear  distri- 
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TABLE  6? 

RELATION  OP  CONDITION  OF  FEET  TO  TYPE  OF  FOOTGEAR 
WORN  BY  227  NEGRO  CASES  OF  FROSTBITE  OF  THE  FEET 
KOREA,  1951-92 
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of  Footgear 


Condition  of  Feet 


Dry 

Wet  with  sweat 

Wet  with  cud  or  snow 

Wet  fros  wading  in  water 


Russet 

Insulated 

& 

Rubber 

Total 

2-Buckle 

Shoepac 

Boot 

No.  2 

No.  4 

"Nol  ? 

iio^  r~ 

35  33.3 

3A  29.8 

1 12.5 

70  30.8 

1A  13.3 

71  62.3 

7 87.5 

92  AO. 5 

51  A8.6 

7 6.1 

0 - 

58  25.6 

5 A.8 

2 1.8 

0 - 

7 3.1 

105  100.0 

11A  100.0 

8 100.0 

227  100.0 

Chi  square  • 60.667  df  - 6 P <.001 


TABLE  66 

RELATION  OF  CONDITION  OF  FEET  TO  TYPE  OF  FOOTGEAR 
WORN  BT  37  NEGRO  EJNXER-MATE  CONTROLS 
KOREA,  1951-52 


Condition  of  Feet 


Dry  10  A3 
Wet  with  syeat  6 26 
Wet  with  rrai  or  snow  7 30 
Wet  fron  wading  In  water  0 - 


L 

XE 

pe  of  Foot* 

:e«ir 

Russet 

Insulated 

& . 

Rubber 

2-Buekle 

Shoepac 

Boot 

No. 

T1 

No.  i 

_Ko. 

57 

/O 

10 

A3. 5 

1 12.5 

0 

6 

26.1 

7 87.5 

6 

100.0 

7 

30.A 

0 - 

0 

- 

0 

- 

0 - 

0 

- 

23 

100.0 

8 100.0 

6 

100.0 

Total 

KOe 

n 

29.7 

19 

51 -A 

7 

18.9 

0 

- 

37 

100.0 

Chi  square  - 15.87A  df  - A P <.01 


RESTRICTED 


.*  .*  .•  1 * .“*>*«  «-•  *i  •.  *. 

* .*  *.  ■/  *,* * <%,'** 


320 


nr  ■; 


RESTRICTED 

Uar*i  Wnabta 

buttons  (2.2  S.E.)  with  added  emphasis  on  wetness  from  wading  In 
water  (2.7  S.E.).  There  were  no  ai&ilficant  differences  between 
the  races  but  this  will  be  elaborated  upon  In  the  race  discussion 
below. 

One  hundred  eighty  cases  of  frostbite  of  the  hands  were  compared 
to  the  bunker-oate  controls  with  respect  to  the  condition  of  their 
hands  at  the  tiae  of  Injury  (Table  69).  It  was  obvious  that  sig- 
nificantly fewer  cases  than  controls  had  dry  hands  and  a signifi- 
cant excess  of  cases  reported  their  hands  were  wet  with  water. 

As  was  done  previously  for  feet,  the  relationship  of  the  condition 
of  the  hands  to  the  severity  of  injury  was  calculated.  Table  70 
shows  a highly  significant  direct  relationship  between  wetness  of 
the  hands  fro a external  sources  and  degree  of  injury  l.e.  more 
cases  of  frostbite  of  the  hands  had  higher  degrees  of  injury  when 
lie  hands  vere  wet  with  external  liquids  than  when  dry  or  wet  with 
sweat. 

TABLE  69 

COHPARIXN  OF  ISO  CASES  OF  F'OSTWTE  OF  THE  HANDS  AND  650 
BWKEH-HATE  CONTROLS  WITH  RESPECT  TO  CONDITION 
OF  HANDS  AT  TINE  OF  3DW5IHT 
KOREA,  1951-52 


Condition 

! Cases 

i Controls 

of  Hands 

No. 

J— 

0*7 

110 

61.1 

372 

82.7 

Wet  froa  sweat 

23 

12.8 

50 

11.1 

Wet  from  water 

65 

25.0 

28 

6.2 

Wet  frca  other  licuids 

2 

1.1 

0 

— 

Total 

180 

100.0 

65 0 

100.0 

Chi  stjrare  m 51.701  < 

df  • 3 

P <.001 
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RELATION  OF  DECREE  OF  INJURY  TO  CONDITION  OF  HANDS  AT  TIKE  OF  INJURY  AMONG 
180  CASES  OF  FROSTBITE  OF  THE  HANDS 
KOREA,  1951-52 


• Condition 



Decree  of  In  lurv 

- Hands 

~ 

of 

First 

Second 

Third 

Fourth 

Total  1 

Hands 

No. 

V 

No. 

% ' 

No. 

% 

No. 

—•r 

No. 

JT” 

Dry 

60 

71.A 

•62 

56.0 

5 

61.7 

3 

33.3 

no 

61.1 

Wet  from  sweat 

13 

15.5 

9 

12.0 

1 

8.3 

0 

— 

23 

12.8 

Wet  from  water 
Wet  frora  other 

10 

11.9 

26 

32.0 

6 

50.0 

5 

55.6 

65 

25.0 

liquids 

1 

1.2 

0 

— 

0 

1 

11.1 

2 

1.1 

Total 

86 

100.0 

75 

100.0 

12 

100.0 

9 

100.0 

180 

100.0 

Chi  square  - 27.891  df  ■ 9 P <.001 


In  Table  69  it  will  be  noted  that  vatness  frora  external  liquids 
contributed  significantly  to  the  production  of  frostbite  of  the 
hands.  This  was  again  emphasized  when  the  data  were  redistributed 
according  to  race  and  type  of  hand  gear  worn  (Tables  71  and  72). 
Added  emphasis  was  noted  on  wetness  from  external  liquids  when  the 
hand  case  wore  r.o  gloves. 

N.  Foot  Hygiene  and  Change  of  Footwear 

No  special  studies  on  foot  hygiene  were  conducted  in  Korea  in 
1951-52.  Foot  hygiene  was  however  part  of  personal  hygiene  obser- 
vations in  the  pre-exposure  study,  but  these  observations  were 
conducted  almost  exclusively  on  individuals  who  were  not  frost- 
bitten. Though  racial  differences  were  noted  (Appendix  Table  36), 
data  for  only  120  cases  who  were  observed  in  the  hospital  under 
highly  favorable  environmental  circumstances  were  available  for 
comparison.  Furthermore  bias  could  not  be  considered  as  having 
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COUP  ARISON  OF  10f»  WHITE  CASES  OF  FROSTBITE  OF  THE  RANDS  AND  .' 

398  WHITE  BUNKER -KATE  CONTROLS  WITH  RESPECT  TO  TYPE  OF  ‘%—  " 

HANDWSAR  WORN  AND  CONDITION  OF  HANDS  AT  THE  OF  INJURT  . t- 

SO  REA,  1951-52 


Condition  of  Hands 

Vhite  Cases 

Hand wear  Worn 

Wet 

■vrw 

■ 

I23| 

■Tj* 

Wet  With 

With 

r?  2 

Other 

I'fUjl 

Other 

Drv 

Sweat 

IIS  FT3 

Liouids 

inn 

Liquids 

Mitten,  eonplete 

22 

7 

mm 

1A7 

35 

m 

ra 

Kitten,  shell 

1 

0 

0 

1 

B1 

■r] 

Mitten,  insert 

3 

0 

2 

4 

n 

mi 

Glove,  complete 

2a 

k 

8 

156 

12 

16 

SSI 

Clove,  shell 

0 

0 

0 

2 

0 

0 

Glove,  insert 

2 

1 

3 

■v 

5 

0 

2 

No  cloves 

5 

1 

11 

2 

9 

0 

0 

HdBHi 

Total 

61 

13 

28* 

2 

321, 

47 

27 

0 

TABLE  72 

CO.’1? ARISON  OF  73  NEGRO  CASES  OF  FROSTBITE  OF  THE  HANDS  AID 
36  NrJIKO  3UNKER-HA;Z  CONTROLS  WITH  RESPECT  TO  TYPE  OF 
HANDWEAR  WOK?)  AND  CONDITION  OF  HANDS  AT  TIKE  OF  INJURY 
KOREA,  1951-52 


Condition  of  Hands  ! 

!*«cro  Cases 

Necro  Cont 

.rols 

Hand  wear  Worn 

Wet 

Wet 

Wet  'With 

Wet 

Wet 

Wet  With 

With 

With 

Other 

With 

With 

Other 

Dry 

Water 

Liouids 

Drr 

Sweat 

Water 

Liquids 

Kitten,  complete 

14 

2 

6 

0 

14 

0 

0 

0 

Kitten,  shell 

1 

0 

0 

0 

1 

0 

0 

0 

Kitten,  insert 

0 

0 

1 

0 

0 

0 

0 

0 

Glove,  cor.olete 

22 

6 

5 

0 

19 

1 

0 

0 

Glove,  shell 

1 

0 

0 

0 

0 

0 

0 

0 

Glove,  insert 

I 

0 

2 

0 

1 

0 

0 

0 

No  cloves 

? 

0 

3 

0 

0 

0 

0 

0 

Total 

48 

8 

17 

0 

35 

1 

0 

0 
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been  completely  licking  end  the  reliability  or  thie  data  was 
thus  low.  Vo  stadias  were  conducted  on  foot  inspection  practices 
aaong  units. 

Fairly  adequate  data  were  available  for  one  aspect  of  the  foot 
hygiene  problem,  nanely  change  of  footwear.  Data  were  collected 
on  the  average  Interval  of  aoek  change*  interval  between  last 
change  of  socks  and  onset  of  frostbite  and  average  interval  of 
insole  change.  “Change*  in  this  latter  itca  did  not  iaply  a tuna- 
over  for  new  or  fresh  insoles  but  rsther  a cl.inge  to  dry  ones. 

It  is  fairly  obvious  that  socks  and  insoles  wet  with  sweat  or 
external  liquids  are  relatively  good  conductors  of  heat  and  can 
thus  be  conducive  to  cold  injury.  Tho  effect  of  sock  and  Insole 
change  upon  the  incidence  of  frostbite  nay  only  be  speculated  upon 
without  elaborate  factor  analysis  of  all  the  data.  A clue  to 
whether  this  factor  played  a significant  role  in  frostbite  nay  be 
derived  by  comparing  the  average  sock  and  in-ole  change  intervals 
aoong  cases  with  these  easing  bunker-cute  controls.  In  Table  73 
a cocparlson  is  presented  between  eases  and  controls  in  relation 
to  the  average  (custosary)  interval  between  changes  of  socks  but 
no  significant  difference  was  found.  (Though  a significant  dif- 
ference was  fo-nd  between  White  and  Hegroes  relative  to  average 
change  of  eocks  these  data  were  not  significantly  different  from 
the  respective  control  data  by  race  as  noted  in  Appendix  Table  23. 
Hence  consolidation  cf  the  data  in  Table  73  was  considered  valid). 
Keither  was  there  any  apparent  relationship  between' the  interval 
of  average  sock  change  and  the  degree  of  injury  (Table  1U ) is 
sight  have  been  expected  if  sock  change  played  an  obvious  r l 
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TABLE  73 


COMPARISON  Of  678  CASES  OF  FK'STBITE  AND  454 
CONTROLS  WITH  RESPECT  TO  AVERAGE  CHANGE  Of 
SOCKS  PRIOR  TO  COLD  INJURT 
KOREA.  19J1-52 
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Average 

Sock  Chanre 

1 Cases  • . 

Controls  1 

No. 

% 

No. 

f 

Every  day 
Every  other  day 
Every  third  day 
Every  fourth  day 
Every  fifth  day 
Every  sixth  day 
Every  seventh  day 

454 

141 

47 

14 

5 

17 

0 

67.0 

20.8 

6.9 

2.1 

0.7 

2.5 

337 

73 

19 

9 

1 

8 

7 

74.2 

16.1 

4.2 

2.0 

0.2 

1.8 

1.5 

Total 

678 

100.0 

454 

100.0 

1 

Mean 

1.6  days 

l.J  days 

S.D. 

1 1.05 

I 1.14 

t - 1.493  P >.10 

i-»  the  Korean  winter  of  1951-52. 

Similarly  cases  and  controls  wearing  shoepacs  were  compared  in 
relation  to  the  average  (customary)  change  of  insoles  (Table  75). 
A definitely  significant  excess  of  cases  who  revealed  the  fact 
that  they  did  not  change  their  Insoles  at  all  up  to  the  tine  of 
injury  indicated  that  lack  of  adequate  insole  change  could  have 
contributed  to  the  frostbite  incidence.  No  relationship,  on  the 
other  hand,  could  be  found  between  the  interval  of  average  change 
of  insoles  and  the  degree  of  injury  (Table  76).  Cooparisor.s  of 
the  mean  intervals  in  days  for  the  several  degrees  of  injury  re- 
vealed no  significant  differences. 


RESTRICTED 


TABLE  75 


RESTRICTED 

Slant)  hlitutw 


0CHPARI30N  OF  365  CASES  OF  FROSTBITE  AND  232  CON- 
TROLS (WEARING  SHOSPACS)  WITH  RESPECT  TO  INTER- 
VAL OF  AVERAGE  CHANGE  OF  INSOLES 
KOREA.  1951-52 


Average  Insole 

Chan  ire 


Every  da y 
Every  other  day 
Every  third  day 
Every  fourth  lay 
Every  fifth  day 
Every  sixth  day 
No  chanre 


365  99.9  232  100.0 


. Chi  square  - 15.568  df  - 5 JP  <.01 


Since  no  significant  differences  between  cases  and  controls  were 
found  when  the  average  interval  of  sock  change  was  compared,  the 
Interval  between  last  sock  change  and  date  of  frostbite  was  com- 
pared and  a significant  excess  was  found  among  cases  with  an 
interval  of  over  5 days  since  last  change  of  socks  (Table  77). 

The  actual  number  of  cases  involved  however  was  small  and  mitigated 
the  importance  of  this  factor  in  the  incidence  of  frostbite  in 
Korea  during  the  winter  of  1951-52,  especially  since  a majority 
of  cases  changed  socks  less  than  one  day  prior  to  frostbite.  Tnis 
latter  was  corroborated  by  inquiries  in  front-line  units  where  it 
was  learned  that  company  corrsanders  frequently  ordered  fresh  sock 
changes  before  'jilts  went  out  on  patrols. 

Further  analysis  was  made  of  ti.  -rvnl  between  last  change 
of  socks  nr.d  tt.e  time  of  frostbite  in  relation  to  the  condition 
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COMPARISON  OF  692  CASES  OP  FROSTBITE  AMD  656  COHTBDLS 
HUM  RESPECT  TO  INTERVAL  BEThREM  LAST  CHANCE  OP 
SOCKS  AND  DATE  OP  FROSTBITE 
KOREA.  1951-52 


Last  Change 

Cases 

Controls 

of  Socks 

No. 

i 

No. 

i 

< - 1 day 

667 

66.6 

255 

56.3 

1-2  days 

169 

26.6 

150 

33.1 

2-3  days 

31 

6.5 

33 

7.3 

3-6  days 

17 

2.5 

9 

2.0 

6-5  days 

2 

0.3 

1 

0.2 

> 5 days 

26 

>•8 

5 

1.1 

Total 

692 

100.1 

653 

10C.0 

Chi  square 

• 21.797  df  - 

5 P <.001 

of  the  feet  at  the  tine  of  injury  in  an  effort  to  determine  whether 
this  interval  bore  any  relationship  to  such  ct  edition,  i.e.  whether 
the  length  of  the  interval  could  have  influenced  the  condition  of 
the  feet  or  been  influenced  by  it.  In  Table  78  comparisons  indi- 
cated that  a siprificant  difference  existed  between  cases  (and 
controls)  whose  feet  were  wet  by  external  liquids  and  those  whose 
feet  were  either  dry  or  wet  with  sweat,  with  the  former  category 
showing  longer  intervals.  This  finding  did  not  indicate  that  pro- 
longation of  the  interval  influenced  the  condition  of  the  feet 
for  it  was  obvious  that  though  postponing  sock  change  could  have 
beer,  conducive  to  increased  wetness  either  from  sweat  or  froa 
external  liquid  by  prolonged  seepage,  no  difference  in  the  sock 
change  interval  was  seen  between  the  eases  whose  feet  were  dry 
and  those  whose  feet  were  wet  with  sweat.  It  was  necessary  then 
to  look  elsewhere  for  the  reason  behind  the  significantly  higher 
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Interval  si)  '•  last  change  of  socks  far  cases  and  controls  whoa# 

a 

feet  Were  wet  with  external  liquids.  From  the  discussion  of  the 
role  of  extra  footwear  carried  by  the  rifleman  in  frostbite  incl 
dene#  a bore,  it  will  be  remembered  that  the  lack  of  extra  foot- 
wear for  changing  did  bear  a relationship  to  the  incidence  of 
frostbite,  A clue  was  derived  from  this  data  in  that  a signifi- 
cantly larger  (2.5  S.E.)  percentage  of  cases  whose  feet  were  wet 
with  external  liquids  did  not  cany  any  extra  footwear  to  change 
(Table  76a).  This  probably  contributed  to  the  longer  interval 
since  last  change  of  socks. 

TABLE  78 

COMPARISON  OP  INTERVAL  BETWEEN  LAST  SOCK  CHANGE  AND  ONSET  OF 
FROSTBITE  A3XN1G  5 UU  FOOT  CASES  AND  397  CONTROLS  (EXCLUSIVE 
OP  THOSE  WEARING  INSUL  TED  RUBBER  BOOTS)  WITH  RESPECT  TO 
CONDITION  OP  FEET 
KOREA.  1951-52 


AS  s , 


Condition 

of 

Feet 


Interval  Between  Last  Sock 
Chinee  and  Frostbite 


Ca 


Dry 

150 

Wet  with  sweat 

2 22 

Wet  with  extern- 

172 

al  liquids 

Conmand  Leadership  and  Morale 

No  satisfactory  measures  of  conn  and  leadership  and  morale  as 
psychosocial  attributes  have  been  presented  in  the  literature. 

Much  has  been  written  concerning  the  role  of  good  leadership  in 
producing  high  morale,  yet  not  only  the  elements  which  make  up 
good  leadership,  but  even  those  which  constitute  morale  have  defied 
even  quasi-quantitative  description.  To  find  some  measures  of 
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PERCENTAGE  CARRYING  NO  EXTRA  FOOTGEAR  FOR  THE  SEVERAL  CONDITIONS 
0?  THE  FEET  AMONG  5U  CASES  AT  THE'  TIKE  OF  FROSTBITE 
KOREA,  1951-52 


Condition  of 

No.  carry- 

the  feet 

Ho. 

ing  no  extra 
footwear 

% 

3.  D. 
Diff.  t 

No.  or 
S.E. 

Dry 

150 

35 

23.3 

)*•”) 

)t  .12 

0.6 

Wet  with  sweat 
Wet  with  extern- 

222 

58 

26.1 

al  llcuids 

172 

60 

31.9 

) 

2.5 

leadership  and  norale  you Id  undoubtedly  lead  to  the  solution  of 
the  role  of  these  attributes  in  cold  injury. 

It  has  been  said  that  units  yith  high  norale  "have  lower  rates 
for  venereal  disease,  fewer  court  rartials  and  a minimum  of  acci- 
dents" (6).  Hypothesizing  that  if  cold  injury  was  inversely 'related 
to  morale  and  leadership  and  if  nonbattle  injuries  were  also  in- 
versely related  to  these  attributes,  units  with  high  nontattle 
injury  rates  should  also  show  high  cold  injury  rates.  The  forcer 
rates  were  calculated  for  each  regiment  (excluding  cold  injuries) 
on  a monthly  basis  and  tveraged  for  the  5-<nonth  period.  These 
were  then  correlated  by  Spearman’s  ranK-order  method  with  the  aean 
frostbite  rates  for  the  period  for  all  the  regiments  (Table  79). 

Ko  significant  correlation  was  found.  The  value  of  0.278  for  rho 
was  quite  unreliable  because  the  number  of  paired  observations  was 
snail  and  the  If  fiducial  limits  ranged  from  -0.291  to  *0.706  with 
the  true  coefficient  falling  anywhere  within  these  limits.  Product- 
moment  correlations  between  nor.tattle  injury  and  cold  injury  rates 
were  calculated  utilizing  data  for  regiments  only  when  they  were 
in  the  line  as  well  as  irrespective  of  the  time  spent  in  the  lines, 
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tut  do  significant,  correlation  could  be 'established  (-0.0%  and 
*0.076  respectively.)  Thus  the  data  failed  to  establish  a rela- 
tionship between  nonbattle  injury  rates  (as  a reflection  of  com- 
Bond  responsibility  and  morale)  and  cold  in  Jury'  rates. 

Military  disciplinary  records  (as  an  index  of  so  rale)  also  were 
compared  in  an  attempt  to  establish  differences  between  cases  and 
controls.  The  pre-exposure  study  yielded  information  on  119  frost- 
bite cases  and  1.535  controls  (Table  80).  Ho  significant  differ- 
ence between  the  two  groups  could  be  found.  Thas  disciplinary 
records  did  not  provide  s measure  of  morale  in  relation  to  frost- 
bite. 

Rotational  policies  were  uniform  and  liberal  in  Korea  during 
the  winter  of  1951-52.  Host  divisions  utilized  the  system  of 
rotating  a single  regiment  into  reserve  at  a time.  One  or  two 
divisions  utilized  a battalion  reserve  system  of  rotation  in  which 
all  three  regiments  of  the  division  were  in  the  line  end  one  bat- 
talion from  each  regiment  in  rese.ve.  Thus  such  uniformity,  pos- 
sible only  in. a static  defense  situation,  obviated  unit  comparisons 
of  cold  injury  rates  with  relation  to  rotation  and  possible  vari- 
ations in  morale.  Rotation  to  the  Zone  of  Interior  v standardized 
on  a point  system  and  front-line  rifleman  could  expect  such  rota- 
tion after  approximately  one  year  of  service  in  forward  areas. 

Thus  adequate  rest,  a static  front  and  rotation  to  the  United  States 
a relatively  early  attainable  goal  undoubtedly  contributed  to  good 
morale.  No  measurement  of  morale  was  achieved  and  its  quantitative 
role  in  frostbite  remained  indeterminate. 

P.  Combat  Experience  RESuliCTtD 
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COMPARISON  OF  119  CASES  OF  FROSTBITE  AND  1535  PRE-EXPOSURE 
CONTROL  WITH  RESPECT  TO  DISCI  PU  HART  RECORD  PRIOR  TO 
COLD  IN  JUST 
- KOREA,  1951-52 


Disciplinary  Record 

Cases 

Controls  I 

No. 

% 

No. 

% 

None 

97 

01.5 

1306 

av.9 

Company  punishment 

7 

5-9 

9A 

6.1 

Scjanary  court-martial 

9 

7.6 

83 

5.6 

Special,  court-martial 

6 

3.6 

25 

1.6 

General  court-martial 

0 

- 

6 

0.3 

More  than  One  company  punish. 

. 0 

- 

10 

0.6 

More  than  one  summary  c.  m. 

1 

0.0 

7 

o.u 

More  than  one  special  c.  ra. 

0 

- 

2 

0.1 

More  than  3 of  above  items 

1 

0.8 

6 

o.u 

Total 

119 

100.0 

1535 

99.8 

Chi  square  - 5-U2  df  - 8 P >.70 


The  ability  to  cope  with  the  problem  of  survival  and  to  achieve 
a relative  measure  of  comfort  in  inclement  weather  and  under  com- 
bat conditions  is  the  result  not  only  of  elassroco  and  field  train- 
ing but  also  of  repeated  disciplined  applications  of  the  mechanics 
of  survival  and  comfort  under  these  conditions.  Troops  in  Korea 
during  the  winter  of  1951-52  were  for  the  most  part  replacements 
for  troops  who  fought  in  cold  weather  the  previous  winter.  Table 
31  lndicatee  that  more  than  one-half  of  the  cases  and  controls 
were  in  Korea  for  no  longer  than  3 months  and  that  tut  0.6%  of  the 
cases  and  8.1%  of  the  controls  were  in  Korea  for  longer  than  8 
months.  This  would  definitely  indicate  that  the  tulX  of  the  troops 
in  1951-52  had  not  bee-'  engaged  in  winter  combat  during  1950-51. 

No  significant  difference  was  found  between  cases  ard  controls  in 
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respect  to  length  of  time  spent  la  Korea  (t  " 1.053  P >.20). 

Proa  data  collected  In  the  pre-exposure  stud/  it  was  found, 
fUrthensorei  that  only  2.9%  of  the' front-line  replacements  had 
seen  combat  previous  to  Korea  (World  War  U). 

’ TABLE  81 


COMPARISON  OF  6%  CASES  OF  FROSTBITE  AND  CONTDDIS 
WITH  RESPECT  10  THE  TIKE  SPENT  IN  KOREA  PRIOR  TO 


0010  INJURY 
KOREA.  1951-52 


The  number  of  days  spent  in  actual  combat  was  smaller  because  of 
the  static  front  which  provided  opportunity  for  frequent  rotation 
of  regir.ents  into  reserve.  In  Table  S2  the  frostbite  cases  and 
epidemiologic  controls  are  distributed  according  to  number  of  days 
in  combat,  f.'o  significant  difference  existed  between  cases  and 
controls  irrespective  of  race,  lut  the  small  number  of  days  spent 
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in  Actual  combat  by  the  majority  of  both  groups  was  striking. 

From  these  three  groups  of  date  it  may  be  concluded  that  com- 
bat experience  for  the  United  States  troops  in  Korea  was  rela- 
tively minimal  especially  in  winter  warfare.  This  relative  lack 
of  experience  was  not  a major  factor  in  the  incidence  of  frost- 
bite since  control  data  were  virtually  identical.  If  this  inex- 
perience affected  the  production  of  frostbite,  the  incidence 
• contributed  by  this  factor  was  obscured  or  hidden  by  the  other 
more  obvious  factors,  e.g.  inadequate  gear,  immobility  in  combat 
etc. 


TABLE  82 


COMPARISON  OF  679  CASES  OF  FROSTBITE  AND  151 
CONTROLS  WTO  RESPECT  TO  DATS  IN  OOHBAT 
KOREA,  1951-52 


Days  in 
Combat 

Cases 

Controls 

No. 

No.. 

3 

0-15 
16-30 
31  - 15 
L6-6O 
61  - 75 
76-90 
91  - 105 
106  - 120 
More  than  120 

192 

125 

65 

51 

35 

39 

32 

31 

106 

28.3 

ie.i 

9.6 
7.5 
5.2 

5.7 

1.7 
5-0 

15.6 

113 

81 

59 

32 

19 

27 

21 

37 

61 

21.9 

13.5 

13.0 

7.1 

1.2 
6.0 
1.6 
8.2 

13.5 

Total 

679 

100.0 

153 

100.0 

Chi  square  - 9.911  df  ■ 8 P >.30 

Q.  Cold  Weather  Training 

The  effectiveness  of  cold  weather  training  probably  depends 
upon  both  an  environmental  and  a host  factor.  The  environmental 
factor  may  be  represented  by  the  external  experience  as,  for 
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example,  the  amount  of  didactic  a.  terial  presented  to  the  individ- 
ual# the  length  of  tine  spent  in  winter  maneuvers  and#  certainly, 
length  of  tine  in  winter  combat.  The  host  factor  say  include  the 
elements  of  receptivity  and  utilisation  of  such  experience  which 
in  turn  is  conditioned  by  such  attributes  as  Intelligence,  morale, 
self-discipline  and  the  will  to  survive. 

During  the  1951-52  studies  an  attempt  was  Bade  is  the  pro -expo- 
sure study  to  assess  the  amount  of  training  received  per  soldier 
for  cold  weather  warfare.  The  data  collected  ant  samcarized  in 
Table  S3.  Differences  were  apparent  between  frostUte  cases  inter- 
viewed in  the  hospital  and  pre-exposure  controls  qpestioneo  in 
replacement  centers.  The  same  shortcomings  are  inherent  ir  this 
analysis  as  were  noted  in  the  World  War  II.  study  by  Whayne  (&). 

A more  precise  measurement  of  this  factor  and  its  role  in  the  pro- 
duction of  frostbite  will  depend  upon  a survey  of  adequately  kept 
records  on  the  individual  soldier  relative  to  the  number  of  hours 
of  Instruction  by  lectures  and  films  and  the  length  of  time  spent 
in  cold  weather  operations  and  cold  weather  combat. 

In  general,  the  findings  revealed  the  eases  to  hive  had  much  less 
cold  weather  training  than  did  the  controls,  which  result  however 
is  not  completely  devoid  of  emotional  tendency,  on  the  part  of  the 
cases,  to  assign  external  blame  for  their  injury.  Thus  definite 
conclusions  cannot  be  drawn  from  this  data. 


IX.  HOST  FACTORS 

In  any  discussion  of  the  agent-host  relationship  in  disease  or  trauma, 
the  interdependence  of  these  two  broad  categories  canr.ot  be  overlooked. 
External  factors  in  bne  environment  which  ar  ..'y  the  action  of  the  agent 
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SUMKAKT  0?  AMOUNT  OP  COLO  WEATHER  TRAIN- 
ING BT  TYPE  FOR  120  FROSTBITE  CASES 
AND  1628  PRE-EXPOSURE  CONTROLS 
KOREA.  19 51-52 


Type  of  Cold  Weather 
Training 

Means**  ! 

Cases 

Controls 

Lectures 

1.2 

3.5 

Films 

1.2 

2.5 

Clothing  demonstrations 

1.2 

1.9 

Cold  weather  operations 

O.fc 

* Data  lacking 

**  Number  of  lectures,  films  or  demonstra- 
tions attended 


either  favorably  or  unfavorably  can  also  modify  host  factors.  As  examples 
of  this  interdependence  In  cold  injury  there  can  be  cited  the  influence 
of  the  stress  of  combat  activity  upon  the  posture  of  the  infantryman,  his* 
ability  to  move,  his  emotional  response,  sweating,  the  influence  of  con- 
stand  leadership  on  morale  and  the  will  to  survive  and  survive  comfortably. 
In  the  subsequent  discussion  of  host  factors  thia  interdependence  should 
be  borne  in  mind. 

Furthermore,  just  as  environmental  factors  are  occasionally  attri- 
butes which  lend  themselves  only  to  quasl-quantltstlve  mensuration,  so  host 
factors  are  frequently  of  this  type  and  hence  difficult  to  assess  except 
by  comparisons  of  incidence  of  the  factor  between  test  and  control  groups. 
In  the  ensuing  discussion,  wherever  measurable.  analysis  of  host  factors 
will  be  presented  quantitatively. 

A.  Age 

Age  has  never  been  implicated  as  influencing  individual  suseep- 
t tibility  to  cold  injuiy.  Although  the  very  young  with  their 

relatively  unstable  cardiovarcular  systems  and  the  older  individ- 
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uals  with  their  radioed  adaptability  to  vascular  stress  might  be 
■ore  susceptible  to  cold  injury#  nevertheless  the  age  groups 
found  in  the  armed  forces  and  exposed  to  the  rigors  of  front-line 
winter  combat  are  usually  well  within  these  extremes.  Further- 
more! the  screening  of  draft  soleetces  and  ‘the  subsequent  rejec- 
tion of  the  physically  unfit  undoubtedly,  operate  in  fair  measure 
against  the  existence  of  a significant  proportion  of  relatively 
more  susceptible  Individuals.  In  Italy  no  relationship  between 
age  and  trenchfoot  could  be  established  utilizing  hospitalized 
controls  (1C).  On  the  Western  Front  of  Europe  in  19W-45  no  evi- 
dence of  the  influence  of  age  on  trenchfoot  (6)  and  In  Korea  in 
195C-51  no  relationship  between  age  and  frostbite  (7)  were  found 
although  both  these  studies  lacked  controls.  The  age  distribu- 
tion of  the  Korean  cases  of  1950-51  was  notably  lower  than  that 
observed  in  the  European  Theater  of  Operation  (85.7.<  and  35% 
respectively  under  25  years  of  age). 

In  1951-52  the  observed  age  distribution  of  cases  of  frostbite 
in  Korea  was  not  unlike  that  for  1950-Jli  with  90. 2%  of  the  cases 
under  25  years  of  age  and  a range  from  17  to  33  years  (Table  8t). 
These  differences,  i.e.  ar.or.g  the  experiences  of  the  S70.  Korea 
195C-51  and  Korea  1951-52,  can  readily  bo  accounted  for  by  the 
differences  in  draft  needs  and  policies.  In  the  2TO  the  .manpower 
demands  of  World  War  II  brought  into  the  armed  forces  older  indi- 
viduals, more  married  men  and  fathers  than  did  the  manpower  demands 
of  the  Korean  conflict.  Furthermore,  the  first  year  of  Korean 
action  saw  somewhat  older  soldiers  in  the  line  than  the  winter  of 
1951-52  since  initially  troops  came  from  Japan  ar.d  were  serving 
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TABLE  84 


COMPARISON  OF  AGE  DISTRIBUTIONS  OF  703  CASES  OP 
FROSTBITE,  453  BUNXER-MATE  CONTROLS 
AND  1626  PRE-EXPOSURE  CONTROLS 
KOREA,  1951-52 
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Age  in 

r 

Bunker-Hate 

Pre-exposure 

Years 

Cases 

Controls 

Controls 

ESS 

mam 

No. 

15-19 

115 

16.3 

48 

10.7 

302 

18.6 

20-24 

519 

73-9 

356 

78.3 

1179 

72.5 

25-29 

56 

a.o 

44 

9.6 

121 

7.3 

30-34 

10 

1.4 

4 

C.8 

18 

1.1 

35-39 

KM 

3 

0.6 

4 

0.3 

40-44 

Ej 

0 

T— • 

1 

0.1 

45-49 

BJ 

E9 

0 



T> 

— 

Korn 

R 

B 

0 

■ ...  ■ 

1 

0.1 

Total 

703 

99.9 

455 

99.9 

1626 

100.0 

Mean  Age 

21.9 

22.5 

21.7 

JHM1 

B9I 

- 2.47 

OT 

under  longer  rotation  policies  than  troops  in  1951-52. 


The  mean  age  of  the  1951-52  frostbite  cases  was  21.9  years. 
Bunker-eate  controls  had  a mean  age  of  22.5  years,  a statisti- 
cally significant  difference,  but  of  no  apparent  functional  or 
physiologic  importance.  This  difference  was  in  part  due  to  the 
omission  of  Karines  and  two  other  divisions  with  their  signifi- 
cantly younger  troops  from  the  control  sample  (Appendix  Table  5) 
and  in  part  due  to  the  relatively  smaller  proportion  of  Negroes 
(whose  irerage  ago  was  lower)  among  the  controls.  The  age  dis- 
tribution of  the  pre-exposure  controls  was  probably  more  repre- 
sentative in  this  regard  for  the  front  as  a whole  and  revealed 
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no  sl&iificant  difference  fro  a the  eases*  Thus  age  appears 
definitely  net  to  have  played  a role  in  frostbite  in  Korea  dur- 
ing 1951-52. 

Age  differences  night  influence  severity  of  injury,  i.e.  younger 
individuals  might  show  more  severe  frostbite  because  of  less  expe- 
rience in  winter  combat.  The  data  were  further  analysed  with  re- 
spect to  age,  degree  rf  injury,  race  and  site.  In  Table  85  no 
age-severity  trend  was  noted  for  White  casea  of  frostbite  of  the 
feet  although  Negro  cases  showed  an  inverse  relationship  between 
degree  of  injury  and  age.  The  difference  in  mean  age  between  first 
and  fourth  degrees  of  frostbite  in  Negroes  was  statistically  sig- 
nificant. Similar  trends  were  not  apparent  for  either  White  or 
Negro  hand  casea. 


Earlier  (Table  5)  it  was  shown  that  frostbite  had  a high  selec- 
tivity for  front-line  riflemen,  it  was  expected  that  the  rank 
distribution  among  frostbite  cases  would  show  a preponderance  of 
lower  ranks.  Table  86  presents  the  comparisons  among  casea,  bunker- 
mate  controls,  company  strength  and  the  Eighth  Army  in  respect  to 
rank.  There  was  a highly  .•'lgjiifieant  excess  of  privates  and  pri- 
vates first  class  among  cases  over  that  expected  from  the  distri- 
bovions  in  the  Eighth  Army,  in  rifle  companies  and  among  the 
bunkur-nate  controls.  Thus,  3ince  front-line  riflemen  were  pre- 
dominantly of  lower  ranks,  these  data  reiterated  their  selectivity 
in  frostbite  by  greater  chance  of  exposure. 

A higher  rank  was  very  frequently  the  reflection  of  a combina- 
tion of  factors  such  as  experience,  aptitude,  intelligence  and 
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comparison  o?  mean  ages  fob  white  aib  negro  foot  and  hand 

EASES  OF  FROSTBITE  WITH  RESPECT  TO  DEGREE  OF  INJURY 
KOREA,  1951-52 


mm 

Foot 

lases 

Hand 

lases 

feral 

White  (K 

San 

733311?! 

SJ1I 

Esaase 

39MI 

BJjS-BG 

■BOB 

Mean  Are 

■BOB 

Hear.  Are 

■BOH 

Kean  Ace 

S.D. 

First 

HI 

1 2.34 

E9 

♦ 2.47 

23.7 

±3.51 

21.1 

1 1.45 

Second 

1 2.52 

mg&m 

1 2.03 

21.7 

♦ 2.e4 

22.1 

1 2.08 

Third 

1 3.48 

WiWm 

♦ 2.13 

26.0 

♦ - 

20.7 

± 1.73 

Fourth 

21.6 

♦ 1.90 

20.6 

♦ 1.83 

22.8 

i l.u 

22.0 

♦ 

Total 

21.9 

♦ 2.62 

21.5 

£9 

22.6 

gg 

21.7 

m 

. i l... , 


TABLE  86 

COMPARISON  OF  DISTRIBUTIONS  3Y  RANK  OF  707  FROSTBITE  CASES, 
455  BUNKER-MATE  CONTROLS  A.'J>  THE  UNITED  STATES  EIGHTH  ARMY 
KOREA,  *951-52 


- *v*v-*-4 

I 


Rank 


m. 

Pfc. 

Cpl. 

Sgt. 

Co,  Gd.  Off. 
Fid.  Gd,  Off. 


Total 


Cases 


No. 


231 
279 
1 22 
69 
6 
0 


707 


32.7 

39.5 

17.3 

9.8 

0.8 


100.1 


Controls 


No. 


58 

168 

113 

113 

3 

0 


455 


12.8 

36.9 

24.8 

24.8 

0.7 


100.0 


Co.  Strength* 


50.5 

25.2 

21.0 

3.3 


100.0 


Eighth  Arm 


21.7 
31.9 

23.7 
16.4 

5.2 

1.1 


100.0 


Cases  vs 

Controls: 

Chi 

scuare  - 

92.945 

df  *>  4 

P <.001 

Cases  vs 

Eighth  Army: 

Chi 

r.quarc  * 

118.461 

df  - 5 

P <.C01 

- _ 

Controls 

vs  Eighth  Amy: 

Chi 

square  * 

63-287 

df  • 5 

P <.001 

• r « 

Controls 

vs  Co.  Strength: 

Chi 

square  ■ 

3.1C9 

df  » 4 

P >.05 

Cases  vs 

Co.  Strenr.th: 

Chi 

square  - 

_39N,63 

df  - 4 

P <.001 

* personnel  of  Infantry  Rifle  Company  - T/O  and  E 7-17K,  15  Sot.  1950 
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leadership.  These  attributes  sliould  rationally  operate  toward 
much  lower  attack  rates  among  sergeants.  In  Table  86  it  will 
be  seen  that  though  a significant  number  of  sergeants  were  frost- 
bitten# the  proportion  was  distinctly  less  (9.9£)  than  the.  number 
of  sergeants  found  in  a rifle  ecapany  (21.0',') . Though  this  dif- 
ference was  partially  due  to  relatively  more  sheltered  positions 
for  the  upper  ranks  of  enlisted  sent  the  bunker-mate  control 
sample  wliich  included  only  line  sergeants  revealed  that  they  were 
in  identical  situations  with  the  corporals  and  privates,  e.g. 
pinned  down  on  patrols,  wading  streams,  holding  line  positions  in 
unheated  bunkers  etc.  Since  only  approximately  10i  of  the  ser- 
geants in  a rifle  company  are  not  in  the  line  (clerk3  etc.),  this 
still  leaves  19 £ of  the  rifle  companies’  strength  represented  by- 
line (platoon  and  squad)  sergeants  who  have  equal  or  approximately 
equal  chance  of  exposure.  ISy  another  calculation  involving  the 
cases  in  line  companies  only  and  correcting  for  the  strength  by 
rank  in  such  companies,  it  was  found  that  privates  and  corporals 
combined  had  3.1  tines  the  attack  rate  which  sergeants  (platoon 
arid  squad)  experienced  (Table  86a). 

The  question  next  arose  whether  this  rank  was  less  frequently 
iraotiUzed  despite  the  relationship  in  time  and  location  for  the 
control  and  frostbitten  sergeants.  This  is  a logical  query,  for 
one  frequently  visualizes  the  sergeant  of  a platoon  or  squad,  on 
a patrol,  as  moving  quickly  among  his  men  appraising  the  situation 
and  giving  orders.  Actually  during  the  Korean  experience  of  1951- 
52  this  concept  did  not  hold.  ?roa  data  in  Appendix  Table  8.  chi 
square  contingency  tables  were  constructed  to  show  the  relatio-.- 
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TABLE  86* 

FROSTBITE  ATTACK  HATES  FOE  COMPANIES 
ACCORDING  TO  RANK 
KOREA.  1951-52 
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Rank 

Cases 

Strength  in 

Companies 

Rate/1000 

Pvt.  and  Pfc. 
Co  moral 

410 

87 

25452 

12701 

16.11 

6.85 

Combined 

497 

38153  . 

13.03 

Sat.  and  Sfe. 

40 

9526 

4.20 

Total 

537 

47679 

11.26 

ship  between  rank  and  activity  among  cases  and  controls  for  all 
situations  whether  on  patrol  or  In  bunkers*  Table  87  reveals 
no  significant  difference  In  intensity  of  activity  between  pri- 
vates and  corporals  as  a group  and  sergeants  (plus  six  company 
grade  officers)  who  were  frostbitten.  In  similar  fashion  Table 
83  reveals  no  difference  in  intensity  of  activity  between  lower 
and  higher  ranks  among  controls.  To  determine  whether  the  sig- 
nificant difference  in  intensity  of  activity  observed  between 
cases  and  controls  in  Table  44  was  maintained  in  a rank  distribu- 
tion. the  data  were  tested  according  to  intensity  of  activity 
among  cases  and  controls  for  lower  ranks  (Table  89)  and  for  higher 
ranks  (Table  90).  The  same  significant  differences  were  found 
between  eases  and  controls  for  each  level  of  rank.  It  was  clear 
that  the  sergeants  Involved  in  frostbite  ware  no  more  mobile  than 
the  frostbite  cases  of  lower  rank.  The  inference,  then,  was  that 
factors  other  than  mobility  and  relative  risk  of  exposure  were 
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1U  REGARD  TO  urrzixirt  OF  ACTIVITY  DUiU!« 

jicrcajiffi  ai-:c:£  too  caeee  of  fro/Tbits 

KOREA,  1951-52 


Intensity  of 

Group  I 

Group  XI 

Total' 

Activity 

* Ranks 

« Ranis 

light 

453 

56 

509 

Heavy 

173 

18 

191 

Total 

626 

74 

700 

Chi . square 

- 0.366 

df  « 1 P >.50 

TABLE  68 

Km-ucu  of  xxher  rasxj  .am  HiciriTi  ralki 
n.  ascAiiu  to  lrrarism  of  activity  kjhi::o 
exposure  Ai:o!:a  i.55  s&xsr-kate  cc-;t:s)U 

KOREA,  1951-52 


Intensity  of 

Group  X 

Group  11 

Total 

Activity 

* Ranks 

*»  Ranks 

Ujht 

186 

65 

251 

Ho  av-/ 

‘153  . 

51 

20!,. 

Total 

319 

116 

455 

Chi  square 

*■  o.aus 

df  - 1 P >.sc 

s Group  X Hanks  « Pvt.  thru  Iorp.jral 
« Group  XI  « 3gt.  thru  Field  Grade  Officer 
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COMPARISON  BETWEEN  626  LOWER  RANK  CASES 
OF  FROSTBITE  AND  339  LOWER  RANK  CON- 
TROLS WITH  RESPECT  TO  INTENSITT  OF 
ACTIVITY  AT  TIKE  OP  EXPOSURE 
KOREA.  1951-52 


Intensity  of 
Activity 

Cases 

Controls 

Total 

Light 

453  _ 
(4H)* 

186 

639 

Heavy 

173 

153 

326 

Total 



626 

339 

965 

Chi  square  ■ 30.096  df  ■ 1 P <.001 

Expected  motor 


TABLE  90 

COMPARISON  BETWEEN  74  RICHER  RANK  CASES 
OF  'FROSTBITE  AND  116  HIGHER  RANK  CON- 
TROLS WITH  RESPECT  TO  INTEISITT 
OF  ACTIVITT 
KOREA.  1951-52 


Intensity  of 
Activity 

Cases 

••’trols 

Total 

Light 

56  , 
(47)* 

65 

121 

Heavy 

18 

51 

69 

Total 

74 

116 

190 

Chi  square  - 

7-536  df  - 1 P <.01 

Expected  number 


Among  the  factors  contributing  to  this  lower  incidence  among 
sergeants  was  race.  Later,  it  will  to  shewn  that  Negroes  were 
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■ore  liable  to  attack  by  frostbite  than  Whites.  Since  there  were 
fewer  Uegro  sergeants  in  the  front  line  than  White  sergeants 
(3-62  and  11.92  respectively).  it  was  reasonable  to  assume  that 
the  contribution  to  frostbite  incidence  by  Negro  sergeants  was 
thereby  relatively  lower.  In  other  words  had  Negro  sergeants  been 
, present  in  the  same  proportion  among  Negro  troops  as  there  were 
White  sergeants  in  proportion  to  ‘White  troops  there  would  have 
been  more  eases  Of  frostbite  among  sergeants  as  a whole.  Whereas 
6.1S  of  the  sergeapts  among  pre-exposure  controls  were  Negroes. 
18.22  of  the  sergeants  among  the  cases  were  Negroes  (Table  91). 

Another  factor  probably  of  prime  importance,  though  less  measur- 
able. was  the  attribute  of  experience.  This  might  be  measured 
by  the  time  spent  in  Korea  and  by  the  length  of  time  in  combat. 

The  line  sergeants  v!o  were  frostbitten  showed  no  significant  dif- 
ference in  mean  time  spent  in  Korea  from  the  lower  rank  enlisted 
men  (106.5  days  and  105.7  days  respectively).  The  nonfrostbitten 
sergeants  were  in  Korea  significantly  longer  (126.5  days)  than 
the  nonfrostbitten  lower  rank  men. (103.4  days).  The  nonfrostbitten 
sergeants  as  a group  had  the  advantage  of  approximately  one  more 
tenth  in  Korea  than  did  the  lower  grades.  In  terms  of  days  in 
combat  which  also  is  an  expression  of  experier.ee.  no  significant 
difference  was  found  between  frostbitten  sergeants  (62.9  days) 
and  frostbitten  lower  grades  (52.9  days).  On  the  other  hand,  among 
controls  wl>o  were  not  frostbitten  the  sergeants  showed  a signifi- 
cantly greater  length  of  time  in  combat  than  did  the  lower  grades. 
However,  no  significant,  difference  was  noted  in  the  mean  number  of 
uays  in  combat  between  frostbitten  and  nonfrostbitten  sergeants. 
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also  set  an  example  for  his  men*  These  calculations  are  presented 
not  so  ouch  to  • alabor  rank  differences  'in  attack  rates  hut  to 
illustrate  the  type  of  approach  which  may  be  useful  In  ultimately 
assessing  the  role  of  attributes  of  this  type* 

It  was  further  postulated  that  the  factors  operating  in  produc- 
ing a lower  attack  rate  among  the  higher  ranks  would  also  tend 
to  reduce  the  incidence  of  very  severe  injuries  among  them.  This, 
however,  was  not  bo  me  out  in  separate  analyses  of  foot  and  hand 
cases  according  to  rank  and  degree  of  injury  (Tables  92  and  93). 

C.  Previous  Cold  Injury 

Although  at  least  one  observer  (10)  has  felt  that  previous  expo- 
sure does  not  influence  susceptibility,  the  clinical  Impression 
gained  in  the  European  Theater  revealed  that  previous  trenchfoot 
predisposed  the  patient  to  subsequent  Injury  of  this  type.  Very- 
little  evidence  in  this  regard  has  been  documented  but  the  study 
of  Toone  and  Villi ess  (11)  tended  to  show  the  hazard  of  re-exposing 
previous  cases  of  trenchfoot.  Some  of  these  cases  in  the  Italian 
Cc.-.pai0o  later  were  frostbitten  but  no  specific  comparisons  were 
presented  for  this  type  of  injury.  During  the  Korean  conflict  in 
1950-51,  14. 9£  of  the  admissions  to  the  Osaka  Army  Hospital  revealed 
bona  fide  histories  of  previous  cold  injury  (7).  Unfortunately  no 
information  of  this  type  for  nonfrostbitten  men  was  available. 

There  appears  to  exist  little  data  on  the  role  of  previous  cold 
injury  with  reference  to  frostbite  in  the  literature. 

Vith  the  interviewing  of  bunker-mate  and  pre-exposure  control 
subjects  in  the  Korean  winter  of  1951-52,  valuable  data  on  previous 
cold  injury  were  obtained.  Both  cases  and  controls  were  carefully 
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interrogated  with  respect  to  the  symptoms  and  signs  of  previous 
cold  injury.  Questioning  was  directed  to  elicit  specific  responses 
which  would  leave  no  doubt  as  to  the  injury  and  included  questions 
as  to  the  environment,  the  activity,  the  conditions  and  duration 
of  exposure,  the  need  for  medical  care  and  the  length  of  disability. 
For  example,  mere  coldness  or  numbness  of  the  part  was  not  accepted 
as  evidence  of  previous  injury,  but  a history  of  swelling  with 
desquamation  or  vesicle  formation  along  with  the  numbness  had  to 
be  elicited.  Trenchfoot  and  chilblains  were  Included  as  cold  injury. 

A statistically  significant  difference  between  cases  and  controls 
was  found  in  the  1951-52  experience  in  respect  to  previous  cold 
injury  (Table  91).  The  cases  showed  6.UX  more  instances  of  previous 
• cold  injury  than  did  the  bunker-mate  controls.  This  difference 
became  even  more  impressive  when,  utilizing  the  percentage  of  pre- 
vious cold  injury  among  the  controls  as  a projection  to  the  Eighth 
Army  as  a whole,  attack  rates  for  the  army  population  previously 
cold  injured  and  previously  not  cold  injured  were  calculated  and 
compared.  The  troops  with  a history  of  previous  cold  injury  re- 
vealed an  attack  rate  of  5*03  per  1.000  whereas  those  without  such 
a history  had  an  attack  rate  of  2.58  per  1,000.  Further  compari- 
son with  the  pre-exposure  controls  revealed  a similar-  significant 
difference  (Table  95).  Of  interest  was  the  fact  that  but  l.B£  of 
tine  pre-exposure  controls  were  previously  frostbitten  in  Korea. 

This  reflected  both  rotation  policy  and  the  policy  of  reassignment 
to  other  duties  after  cold  injury.  In  addition  0.6:»  were  injured 
b7  cold  in  Germany  and  0.1#  in  Ireland. 

D.  Previous  Illness  RESTRICTED 
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TABLE  94  RESTRICTED 
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COMPARISON  OF  664  CASES  OF  FROSTBITE  AID 
447  BUNKER-MATE  CONTROLS  WITH  RESPECT  TO 
HISTORY  OF  PREVIOUS  COLD  INJURY 
KOREA,  1951-52 


History  of 
Previous 
Cold  In.lurv 

Ca 

se5 

Cont  rols • 

No. 

* 

No. 

None 

535 

BO. 6 

397 

83.8 

Frostbite 

125 

18.6 

36 

8.5 

Trenchfoot 

1 

0.2 

2 

0.4 

Chilblains 

3 

0.3 

10 

2.2 

Total 

664 

100.1 

447 

99.9 

Chi  square  - 

29.544  df  - 

3 P <.001 

TABLE  95 

COMPARISON  OF  664  FROSTBITE  CASES  TO 
1596  PRE-EXPOSURE  CONTROLS  WITH  RESPECT 
. TO  HISTORY  OF  PREVIOUS  COLD  INJURY 
KOREA,  1951-52 


History 

of 

Cold  Inlurv 

Pre- 

Exposure 

Controls 

Frostbite 

Cases 

Total 

Hone 

Cold  In.lurr 

1390 

206 

535 

129  (98)* 

1925 

JJ5 

Total 

1596 

664 

2260 

Chi  square  - 15.790  df  - 1 P <.001 

* Expected  number 
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TABLE  96  Jtantj  tlniw 

DISTRIBUTION  OF  716  CASES  OF  FROSTBITE  AND  445 
BUMCER-KITE  CONTROLS  ACCORDING  TO  HISTORY  OF 

previous  m;svss 
KOREA,  1951-52 


History  of 

Cases 

Controls  ! 

Previous  Illness 

1*0  • 

. ■ 2* 

!«o« 

Frequent  fevers 

9 

1.3 

4 

0.9 

Pneumonia 

94 

13.1 

80 

18.0 

Jaundice 

1 

0.1 

12 

2.7 

Malaria 

32 

4.5 

24 

5-4 

Raynaud s* 

3 

0.4 

1 

0.2 

Hematuria 

2 

0.3 

10 

2.2 

Syphilis 

12 

1.7 

3 

0.7 

None 

56? 

78.6 

311 

69.9 

Total 

716 

100.0 

445 

100.0 

Chi  square  * 36,726 

df  - 8 

P <.001 

Although  inquiry  into  previous  illness  of  cases  and  controls  was 
designed  to  elicit  the  several  conditions  which  might  affect  the 
level  of  the  cold  hemagglutinins,  Whayne’s  reference  to  the  possible 
influence  of  infectious  disease  on  susceptibility  to  cold  injury 
led  to  an  evaluation  of  the  possible  relationship  between  such  pre- 
vious illnesses  and  frostbite.  Table  96  presents  a comparison  of 
selected  illnesses  among  cases  and  bunker-mate  controls.  Although 
a sipiificant  difference  existed  between  the  two  distributions,  the 
apparent  excess  among  the  cases  was  for  a history  of  syphilis. 
Subsequent  analyses  (see  "Race"  section  below)  revealed  this  dif- 
ference to  reside  primarily  and  sifjjificantly  among  the  Negro  frost- 
bite cases.  When  it  is  recalled  that  the  venereal  disease  rates 
among  the  general  population  are.  higher  for  the  Negro,  the  impres- 
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RELATICS  OF  DEGREE  OF  lihnjRT  OF  589  CASES  OF  FROSTHITE 
OF  THE  FEET  70  JHE  HISTORY  OF  PREVIOUS  lUlIESS 
KOREA,  1951-52 


Previous 

Illness 

Dc  tree  of  Injury 

- Feet 

otal 

r 

irsi 

Second 

1 Third 

Fourth 

es 

A 

No. 

No. 

No. 

No. 

ho. 

"one 

169 

74.4 

143 

60.6 

107 

81.7 

21 

77.8 

460 

78.1 

Fevers 

4 

1.6 

1 

0.6 

2 

1.5 

1 

3.7 

6 

1.4 

Pneunor.ia 

41 

16.1 

21 

11.9 

16 

12.2 

3 

11.1 

61 

13.8 

Jaundice 

1 

0.4 

0 

- 

0 

- 

0 

• 

1 

0.2 

Malaria 

15 

5.9 

9 

5.1 

2 

1.5 

1 

3.7 

27 

4*6 

Rayrumds* 

2 

0.6 

0 

- 

0 

« 

0 

- 

2 

0.3 

Hematuria 

0 

- 

0 

- 

1 

0.8 

0 

• 

1 

0.2 

Syphilis 

? 

0.6 

) 

1.7 

? 

2.3 

1 

3.7 

9 

1.5 

Total 

254 

100.0 

177 

100.1 

131 

100.0 

27 

100.0 

585 

100.1 

Shi  sauare  - 19.512  df  - 21  P >.50 


aion  is  coin'd  that  this  relationship  nay  be  fortuitous,  i.e.  based 
on  other  and  possibly  numerous  factors  common  to  both  frostbite 
and  syphilis,  rather  than  a direct  physiologic  relationship  between 
the  two.  So  further  clue  to  such  a relationship  was  derived  from 
an  analysis  of  the  data  on  previous  illnesses  I7  degree  of  injury 
(Table  97). 

E.  Condition  of  Patient  at  Tine  of  Injury 

It  is  obvious  that  physical  stress  of  disease  producing  fatigue 
and  wounds  producing  shock  and  unconsciousness  nay  well  predispose 
to  frostbite.  In  the  winter  of  1950-51  (7)  only  a snail  number 
of  patients  were  recorded  as  having  been  ill  or  wounded  as  a direct 
or  indirect  cause  of  frostbite.  It  was  mentioned,  however,  that 
this  data  did  not  take  into  account  the  many  frostbite  cases  with 
severe  battle  nds  hospitalized  elsewhere  than  ir.  tt.e  Cold  Injury 
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TABLE  98 

COMPARISON  OP  702  FROSTBITE  CASES  AUD  437 
BUNKER-HATE  CONTROLS  ACCORDING  TO  PHYSICAL 
CONDITION  AT  TIME  OF  INJURT  AMONG  THE  CASES 
KOREA,  1951-52 


RESTRICTED 
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Condition  of 
Patient 


Healthy 

111 

Injury  directly 
responsible  for 
condition 
Injury  indirectly 
responsible  for 
condition 


Controls 


1702  100.0  437  100.0 


Section  of  the  Osaka  Amy  Hospital.  Such  frostbite  could  veil  have 
been  the  result  of  such  wound 3. 

Unlike  the  situation  which  prevails  in  active  offense  and  espe- 
cially In  active  defense  or  in  retrograde  movement,  the  patrolling 
and  line  bolding  activities  of  static  defense  are  not  as  conducive 
to  casualty  rates  with  attendant  cold  injury  of  the  wunded  who 
cannot  be  brought  in  to  shelter  and  medical  care  incediately.  In 
this  respect  the  Xorean  conflict  of  1951-52  differed  from  the  pre- 
vious winter.  Very  few  cold  injuries  occurred  as  a direct  or  in- 
direct result  of  battle  wounds  (Table  98). 

F.  Nutritional  Status 

Detailed  studies  on  vitauin  C and  protein  levels  among  frostbite 
cases  and  controls  are  discussed  in  other  sections  of  this  report 
(Sections  III  and  X7)»  No  surveys  of  actual  consumption  of  food 
could  be  undertaken  among  front-line  troops  prior  to  injury.  Some 
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relatively  minor  observations  were  made.  however,  anil  these 
dealt  primarily  with  type  of  meals  consumed  and  the  Interval  be- 
tween consumption  of  last  meal  and  onset  of  frostbite. 

For  the  most  part  an  attempt  was  made  to  serve  two  hot  meals 
daily  along  the  line.  Usually  these  were  breakfast  and  supper. 
Often  the  so-called  "hot  meal"  was  cold  upon  reaching  the  forward 
bunkers.  The  .third  meal  was  most  frequently  C Ration.  Table  99 
presents  a comparison  of  the  types  of  meals  consumed  before  frost- 
bite by  cases  and  controls.  If  anything,  the  controls  ate  less 
than  a full  C Ration  meal  or  individual  food  pack  more  often  than 
the  cases  and  tended  to  eat  fewer  hot  meals  (B  Ration).  However, 
of  greater  import  was  the  number  consuming  hot  meals  and  complete 
C Rations  and  the  rare  occasions  when  the  meal  was  eaten  more 
than  21  hours  prior  to  frostbite  (Table  100).  This  was  indeed 
quite  different  from  the  situation  prevailing  in  the  previous  win- 
ter when  the  lines  were  extremely  mobile  and  retrograde  action  pre- 
vailed. More  than  SOX  of  the  cases  ate  their  previous  meal  less 
than  12  hours  prior  to  onset  of  frostbite.  On  the  average  the  cases 
ate  approximately  7.5  hours  prior  to  frostbite  and  the  controls 
8.5  hours.  Though  statistically  significant  no  physiologic  sipii- 
ficance  could  be  ettached  to  the  difference.  No  difference  in  this 
interval  was  noted  between  hand  and  foot  cases,  but  for  both  hand 
and  foot  cases  fourth  degree  injuries  showed  a distinct  and  signi- 
ficantly longer  interval  which  may  reflect  longer  exposures  rather 
than  a causal  relationship  (Table  101). 

No  exact  weight  determinations  were  obtained  on  cases  and  controls 
either  before  or  after  frostbite.  Responses  to  the  query  on  "weight 
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TABLE  99 


COHPARISOI!  OF  695  CASES  OF  FROSTBITE  AID  452 
BUiatER-KATE  CONTROLS  WITH  RESPECT  TO  TYPE  Q? 
HEAL  LAST  EATEN  BEFORE  FROSTBITE 
KOREA,  1951-52 


Heal  Type 

Cases 

Controls  I 

!.’o. 

!.‘o» 

f.' 

r 

C Ration 

2 SO 

40.3 

209 

46.2 

B Ration 

333 

55.1 

205 

45.4 

Individual 
food  pack 

6 

0.9 

0 

Native  food 

5 

0.7 

0 

- 

Less  than  C Ration 
or  individual 
food  pack 

21 

3.0 

)8 

8«l» 

Total 

695 

10G.0 

452 

100.0 

Chi  square  - 30.099 

df  - 4 

P <.  001 

change  since  coring  to  Korea"  proved  to  be  sore  nearly  an  Index 
of  "self-pity"  tl:an  a reliable  index  of  weight  change.  The  major- 
ity  of  the  cases  claimed  losses  from  one  to  11  or  more  pounds 
whereas  the  majority  of  the  controls  claimed  no  change  in  weight 
(Table  102).  Since  these  data  were  based  on  the  patients  own 
estimate  and  occasionally  involved  reference  to  his  own  subjective 
sensation  or  fit  of  his  clothes#  further  interpretation  would  be 
speculative. 

0.  Fatigue 

Fatigue  may  operate  as  a factor  contributing  to  cold  injury  by 
physical  and  mental  exhaustion  which  may  progress  to  such  a degree 
that  movement  of  the  extremities,  let  alone  change  of  socks#  is 
an  effort.  Furthermore#  mental  weariness  itself  nay  be  conducive 
to  apathy  which  in  turn  leads  to  neglect  of  all  acts  except  those 
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COMPARISON  OF  WSIOTT  CHANGE  AMONG  473  CASES  OF  FROST- 
BITE AND  454  CONTROLS 
KOREA.  1951-52 


Weight 

Chance 

Cases 

Controls  1 

No. 

No. 

—f— 

No  change 

170 

35.9 

236 

52.2 

1-  5 lbs.  less 

64 

17.8 

66 

14.6 

6-10  lbs.  less 

110 

23.3 

54 

11*9 

11  or  more  lbs.  Ies3 

65 

13.7 

49 

10.8 

1-  5 lbs.  more 

22 

4.7 

18 

4.0 

6t-10  lbs.  more 

13 

2.7 

20 

4*4 

11  or  more  lbs.  more 

? 

1.9 

__  9 

2.0 

Total 

473 

100.0 

452 

99.9 

Chi  square  - 35-564  df  * 6 P <.001 


vital  to  survival.  Fatigue  is  not  measured  by  duration  of  stress 
alone  but  by  the  intensity  of  the  stress  as  well.  As  such,  this 
factor  becomes  difficult  to  assess  especially  when  several  units 
are  engaged  in  combat  activity  of  varying  intensity  which  itself 
defies  accurate  measurement.  Since  combat  activity  in  the  Korean 
Theater  in  1951-52  was  relatively  more  stable  than  in  the  preced- 
ing winter  and  confined  to  the  tasks  of  patrolling  and  line  hold- 
ing in  a static  defense  situation,  the  duration  of  stress  became 
a component  more  nearly  correlative  to  the  factor  of  fatigue. 

Duration  of  stress  was  measured  by  the  number  of  days  spent  in 
combat  without  rest.  Both  cases  and  controls  were  interrogated 
relative  to  this  factor  utilising  any  withdrawal  from  the  line  for 
periods  of  longer  than  half  a day  as  the  end  of  the  interval.  Be- 
cause of  the  combat  situation  shower  points  were  placed  quite  close 


to  the  front  lines.  Rotation  to  the  showers  frequently  provided 
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several  hours  rest  and  refreshment  for  the  troops.  Only  where 
shower  points  broke  down  and  troops  were  turned  beck  to  the  lines 
immediately  upon  arrival  was  combat  without  rest  deemed  unbroken. 
The  situation  in  this  regard  was  quite  unlike  the  experience  dur- 
ing the  previous  winter  and  in  the  European  Theater  In  l%&-&5. 
Whereas  In  the  European  experience  survey  data  revealed  that  705C 
ot  the  trenchfoot  cases  had  been  in  combat  without  rest  tor  8 days 
or  aore  (6),  in  the  Korean  winter  of  1951-52  only  50.6/C  were  in ' 
this  category  (Table  103 ).  reflecting  the  relatively  better  chance 
for  rest  aaong  troops  in  Korea  in  1951-52. 

In  Table  103  comparison  of -front-line  battalion  eases  and  con- 
trols revealed  that  the  cases  were  in  fenbat  without  rest  for  a 
significantly  longer  period  indicating  that  fatigue  may  have  played 
a role.  The  number  of  cases  who  failed  to  obtain  rest  for  periods 
of  a month  or  more  was  rather  surprising  in  view  of  rotation  pol- 
icies. but  may«  in  part,  reflect  the  last  drives  in  Operation  Killer 
in  September  and  October  of  1951*  The  controls  revealed  much  fewer 
instances  of  longer  intervals  without  rest.  In  view  of  the  fact 
demonstrated  above,  that  cases  and  controls  did  not  differ  signifi- 
cantly in  the  length  of  time  spent  in  Korea  and  in  combat  areas, 
the  only  alternative  remaining  is  that  the  cases  probably  did  not 
avail  themselves  of  opportunities  for  rest  (e.g.  to  shower  points). 

H.  Tobacco 

The  use  of  tobacco  as  a factor  in  the  production  of  frostbite 
unfortunately  has  been  expressed  3ll  too  often  on  the  basis  of  the- 
oretical considerations  rather  than  or.  controlled  observation. 

Since  smoking  has  been  shown  to  produce  a fall  in  peripheral  skin 
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TABLE  103 

CCTS’ABlSOf;  OF  517  CASES  OF  FROSTBITE 
A.*®  407-  CONTROLS  WITH  RESPECT  TO 
DAYS  I.’i  COMBAT  WITHOUT  REST 
KOREA,  1951-52 
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* Fror.  fror.t-line  battali'o.-.s  only, 
temper-"- til  re  ty  peripheral  vasoconstriction#  the  assumption  has  teen 
cade  that  this  would  te  productive  of  cold  injury  among  heavy  smok- 
ers. This  could  not  be  demonstrated  for  the  Korean  cold  casualties 
of  1950-51  (7)  and  in  the  winter  of  1951-52  an  almost  identical 
proportion  of  cases  and  controls  (18.5-&  and  18.8^  respectively) 
did  not  3aoke  at  all.  Table  1CL  presents  this  data  for  1951-52. 

To  the  contrary  there  was  a significantly  greater  number  of  ciga- 
rettes consumed  among  the  controls  who  smoked.  The  -lata  from  the 
pre-exposure  study  reaffirmed  this  latter  finding#  i.e.  more  con- 
trols smoked  pipes  (8.0;«)  than  did  cases  (3.J.»)»  controls  smoked 
more  cigars  than  did  the  cases  and  even  tobacco  chewing  was  more 
frequent  among  controls  (5 .4«)  than  among  cases  (0.81).  Thus  it 
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COilAlUOC'C  OK  691  CAJI-iC  0?  FH0373I7E  AID 
airssa-i'jiTS  co::t.iolj  with  -sop hex  10 
daily  A.':ou:.i  of  ckokilg 

KO.YiiA,  19:1-52 


Cigarettes 

Ca::cr, 

Controls  1 

Per  Day 

1.0 • 

• . > 

V.Om 

11  one 

122 

IS. 5 

63 

ie.c 

1/2  pack 

211 

30.5 

66 

14.9 

1 pack 

2.1 

34.9 

179 

40.5 

1-1/2  packs 

5.. 

7.6 

54 

.12.2 

2 p.  ks 

* 6 

6.7 

44 

10.G 

Over  2 I'icfcf. 

n 

1.0 

16 

? -6 

Total 

691 

100.1 

*w2 

100.0 

Chi  square  « 

42.  S'. 

V df  - 

5 '?  <.001 

can  he  state!  with  safety  that  :.o  ap.ociation  exists!  between 
excessive  snokir.*!  an!  frosti itc.  If  ar.ythino  the  association 
favored  the  nonfrosthitten  cor.t- ol . 

Co.-.pari so:. j of  the  irj.nl cr  of  cigarettes  anoked  ty  foot  cases  with 
that  Ly  hand  cases  revealed  r.o  significant  difference  and  no  con- 
sistent differences  tetween  decrees  of  injury  coaid  Ve  found  (Table 
105).  \ 

Inherent  Constitutional  Factors 

The  hunt  for  so.T.e  shnple  and  universally  applicable  test  to  screen 
individuals  susceptible  to  cold  has  l-een  the  task  of  many  inves- 
tigators of  coil  injury-  The  difficulties  encountered  are  probably 
due  tb  pro':  lens  of  definition  and  .veasuresnent  of  the  so-called  in- 
herent constitutional  factors  e;on  which  are  superinrosed  the 
cultiple  factors  of  tie  er.viroment. 

Individual  se see;. til  ility  has  ieen  alluded  ’.o  earlier  in  the 
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HEUTIOn  OF  MEAU  DAILY  AHOUJ.T  0?  CIGARETTES  SHORED  TO  DEGREE  OF 
IUJURT  AmU  567  CASES  OF  FROSTBITE  OF  THE  FEET  AND  178  CASES 
OF  FROSTBITE  OF  THE  HANDS 
KOREA,  1951-52 


Degree 

Feet 

Hands 

of 

Ho.  of 

Hear.  Ho.  of 

Ho.  of 

Kean  Ho.  of 

Injury 

Cases 

Packs  Socked 

S.D. 

Cases 

Packs  Stckec 

S.D. 

First 

242 

0.9 

♦ 0.60 

83 

0.8 

- 0.55 

Second 

172 

0.8 

♦ 0.60 

74 

0.7 

± 0.58 

Third 

127 

0.7 

♦ 0.52 

12 

0.8 

± 0.61 

Fourth 

26 

0.7 

♦ 0.52 

9 

0.9 

♦ 0.56 

Total 

567 

0.8 

± 0.58 

178 

0.7 

±0.56 

t - 

1.225  P>.20 

discussions  on  previous  cold  injury.  However,  the  number  of  in- 
stances of  chilblains  and  Raynaud's  disease  elicited  during  the 
bunker-mate  and  pre-exposure  control  surveys  were  exceedingly  small 
as  would  be  expected  because  of  preinduction  screcrdng.  Only  three 
cases  (0.5;S)  of  chilblains  were  found  among  the  716  frostbite  cases, 
10  Instances  {2.2f)  among  the  A 5 5 bunker-mate  controls  (Table  94) 
and  14  (l.0,f)  among  1,596  pre-exposure  controls.  Because  of  such 
snail  numbers  no  intergroup  comparisons  were  made.  Ho  instances 
of  Raynaud's  or  other  vascular  disease  were  found  among  these 
groups.  Peripheral  vascular  abnormalities,  other  than  previous  dam- 
age by  frostbite  or  trenchfoot  were  not  an  Important  factor  in  the 
frostbite  experience  in  Korea  during  1951-52. 

Gahrbandt  (12)  felt  that  the  vagotonic  or  bradycardie  individual 
is  very  susceptible  to  cold  and  set  a pulse  rate  of  less  than  68 
per  minute  as  indicative  of  such  susceptibility.  Resting  pulse 
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rates  obtained  on  a sample  of  118  frostbite  eases  and  for  1*577 
pre-exposure  controls  tended  to  support  this  theory.  Table  106 
presents  the  findings  of  tHis  study.  There  will  be  noted  a dis- 
tinctly lower  nean  pulse  rate  for  the  cases  than  for  the  controls. 
Whereas  only  ?.6£  of  the  controls  had  a pulse  rate  of  less  than 
70*  23.7.X  of  the  sample  of  cases  were  found  to  be  In  this  category. 
Furthermore  the  range  among  cases  was  much  narrower  (64-92)  than 
among  controls  (60-128).  This  comparison  might  be  criticized  on 
the  grounds  that  the  pulse  rates  on  the  eases  were  obtained  in  the 
relatively  peaceful  environment  of  a hospital  in  Japan*  whereas 
those  on  the  controls  were  obtained  in  the  battle  zone.  This  crit- 
icism was  not  deemed  to  be  significant  however  since  the  pre-expo- 
sare  data  were  obtained  primarily  from  troops  in  regimental  or  div- 
ision reserve  and  only  a very  small  percentage  from  new  replacements. 
The  ideal  comparison  would  have  been  between  pre-exposure  subjects 
subsequently  not  frostbitten  and  pre-exposure  subjects  subsequently 
frostbitten  for  whoa  pulse  rates  were  obtained  under  identical 
conditions  in  the  field.  Unfortunately  there  were  only  two  pre- 
exposure  subjects  of  the  1.628  examined  who  became  frostbite  cases* 
a situation  dictated  by  chance  on  the  basis  of  this  total  number 
of  pre-exposure  subjects. 

J.  Psychosocial  Factors 

The  host  complex  includes  certain  factors  which,  though  vital 
Vo  any  problem  of  stress,  may  not  always  lie  readily  evaluated. 

Morale  and  motivation  of  tt.c  group  already  have  been  discussed  as 
a component  of  the  environment  though  morale  of  the  individual  and 
morale  of  the  group  are  interdependent.  An  attempt  va3  made  to 
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COMPARISON  OF  RESTING  PULSE  RATES  AMONG  118 
FROSTBITE  CASES  AID  1577  PRE-EXPOSURE  CONTROLS 

KOREA,  1951-52  • 


Pulse  Rate 

Ca 

CCS 

Cor 

trols 

(Beats  Per  !-!inute) 

!!o* 

V 

Ho. 

> 

60-69 

28 

23.7 

120 

7.6 

70-79 

44 

37.3 

292 

18.5 

80-89 

42 

35.6 

505 

32.0 

90-99 

4 

3.4 

403 

25.6 

100-109 

0 

- 

199 

12.6 

110-119 

0 

- 

40 

2.5 

120-129 

0 

- 

18 

1.1 

Total 

ns 

100.0 

1577 

99.9 

l!ean  Rate 

75.3 

86.8 

S.D. 

♦ 

7.91 

t 12.24 

t - 14.491  P <.001 


evaluate  these  factors  by  indirect  means.  Other  factors  are  how- 
ever somewhat  more  measurable  and  these  include  education  and 
aptitude. 

Certainly  the  receptivity  of  the  soldier  to  training  and  his 
learning  from  experience  in  combat  is  directly  codified  by  his 
intelligence  and  education.  Though  the  urge  or  appreciation  of 
the  need  for  survival  nay  not  be  based  upon  educational  achieve- 
ment or  intelligence  level,  nevertheless  his  ability  to  survive 
is  certainly  modified  thereby. 

Some  measurement  of  these  factors  was  undertaken  Uit  no  dif- 
ferences were  found  between  cases  and  controls.  In  Table  107 
a comparison  of  school  grade  completed  by  a sample  of  114  frost- 
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of  college  years  completed. 

The  A ray  General  Classification  Teat  score*  (hereinafter  referred 
to  as  ACCT  scores)  Intended  to  reveal  aptitudes,  knowledges  and 
skills  were  compared  for  cases  and  pre-exposure  controls.  Aptitude 
Areas  I and  III  were  utilized  separately  in  all  calculations.  Area 
I involved  the  battery  of  Reading  Vocabulary  Tests.  Arithmetic 
Reasoning  Test  and  Pattern  Analysis  Test.  Area  HI  included  only 
the  first  two  named.  These  were  considered  to  represent  basic 
aptitudes  and  learning  achievements  so  that  relative  Indices  might 
be  available  for  assessing  ability  to  grasp  and  to  apply  such 
aptitudes  to  cold  weather  combat.  Since  the  distributions  of  scores 
for  Area  HI'  were  virtually  synonymous  with  those  for  Area  I for 
all  subgroups  (Area  I actually,  contains  Area  HI),  such  as  cases. 


controls,  race  and  climatic  region  of  origin  of  the  cases  and  con- 


trols.  only  Area  I will  be  presented  in  this  discussion.  Table 
108  Indicates  the  degree  of  identity  between  Area  I and  Area  HI 
scores  in  the  A GOT  among  the  several  groups.  Table  109  presents 
a comparison  of  mean  ACCT  scores  for  Area  I between  a sample  of 
the  cases  and  pre-exposure  controls.  The  significant  difference, 
indicating  the  controls  to  have  higher  aptitude  and  knowledge  (in 
this  basic  area),  musa  be  viewed  with  some  reservation  for  although 
the  control  group  was  representative  of  the  proportion  of  Negroes 
in  the  Eighth  Army,  it  did  not  correspond  with  the  percentage  among 
cases.  Nr  did  the  sample  of  cases  correspond  with  the  over-all 
experience.  Whereas  Al£  of  the  cases  were  Negroes  the  sampling 


* Basic  tables  and  calculations  will  be  found  in  the  Appendix 
l.sles  129  and  130. 
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TABLE  108 

COMPARISON  OF  AREA  I AND  AREA  III  KEAN  SCORES  IN  THE  ARM!  GENERAL 
CLASSIFICATION  TEST  FOR  FROSTBITE  CASES  AND  PRE-EXPOSURE  CONTROLS 
BT  RACE  AND  CLIMATIC  REGION  OF  OPJGIH 
. KOREA,  1951-52 


Area 

1 

Area  I 

II 

Croup 

No. 

fie  an 
Score 

S.D. 

No. 

Mean 

Score 

S.D. 

t 

P 

White  Cases: 
forth* 

6 

103.5 

i 20.0!, 

6 

104.7 

X 19.98 

0.101 

>.90 

South* 

20 

89.3 

- 17.58 

20 

S8.5 

- 18.74 

0.131 

>.80 

White  Controls: 

North 

347 

98-9 

f 18.69 

424 

93  ;9 

* 18.81 

0.052 

>.90 

South 

579 

92.2 

- 16.95 

689 

91.8 

- 18.73 

0.395 

>.60 

Negro  Cases: 
North 

0 

2 

58.5 

- 15.00 

. 

. 

South 

43 

73.9 

- 1A.33 

43 

73.8 

- 16.40 

0.027 

>.90 

Negro  Controls: 

North 

10 

?e.3 

- 12.56 

10 

76.8 

- 11.21 

0.282 

>.70 

South 

178 

70.3 

* 12.46 

JffiL 

70.4 

1 HSi 

0.326 

>.70 

* Regions  defined  in  section  on  "Climatic  Region  of  Origin". 


TABLE  10? 


COMPARISON  OF  FROSTBITE  CASES  AID  PRE-EXPOSURE 
CONTROLS  WITH  RESPECT  TO  MEAN  AGCT  SCORES  (AREA  I) 
KOREA,  1951-52 


Group 

?*o« 

Kean 

Score 

S.D. 

t 

P 

Cases 

Controls 

69 

H14 

so. 9 

_22sl_ 

1 18.11 
i 19.25 

4.333 

<.001 
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of  coses  contained  t2%.  This  is  quite  pertinent  for,  in  Table 
100.  there  was  an  Intimation  that  great  disparities  in  AGCT  scores 
(Area  1)  existed  between  Whites  and  Negroes  and  a surplus  of 
Begroes  in  the  sample  would  thus  lower  the  mean  for  the  frostbite 
case  croup*  these  racial  (and  climatic  region)  differences  in 
■can  AGCT  scores  will  be  discussed  below  with  reference  to  their 
contribution  to  the  differences  in  attack. rates  for  the  two  races 
and  the  climatic  regions.  Differences  in  aptitude,  skill  and 
knowledge  nay  have  been  contributory  to  the  differences  in  cold 
weather  adjustment  as  manifested  by  differences  in  attack  rates. 

Before  dismissing  the  psychosocial  factors,  attention  is  directed 
to  the  role  which  the  personality  may  play  in  the  production  of 
' frostbite.  In  the  neuropsychiatric  study  some  evidence  was  ob- 
tained to  indicate  that  the  frostbite  case  tended  to  be  a passive 
Individual.  He  did  not  as  often  exhibit  the  drive  for  achieve- 
ment and  prestige’ as  did  members  of  control  groups  and  tended  more 
often  to  score  higher  on  the  hypochondriasis  scale.  He  wss,  among 
other  things,  more  often  negstivistie.  These  were  all  trends  based 
on  the  examination  of  few  cases  and  controls,  tut  the  impressions 
were  provocative,  especially  when  certain  other  factors  supported 
this  picture. 

There  are  recalled  such  factors  as  less  activity  among  cases  in 
identical  combat  situations  with  controls,  relative  inattention 
to  the  carrying  of  extra  footwear  for  changing  when  combat  con- 
ditions permitted,  less  smoking  among  casc3  (the  oppasite  of  the 
tense,  hypertonic  chain-smoker)  and  the  claim,  by  the  cases,  of 
greater  weight  loss  in  Korea  (self-pity?).  Thus,  conformity  with 
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a picture  from  two  separate  approaches,  though  not  at  all  con- 
clusive, and  at  best  only  impressionistic,  should  at  least  stim- 
ulate further  study  in  this  field.  Certainly  the  concept  of  a 
•cold-susceptible  personality -complex"  in  relation  to  stress  is 
not  too  remote  as  a psychosocial  factor  in  cold  injury. 

K.  Race 

The  problem  of  racial  susceptibility  to  cold  injury  and  specifi- 
cally frostbite  has,  to  the  present  time,  remained  unresolved. 

The  experiences  in  past  wars  often  have  teen  beclouded  by  compli- 
cating factors  which  prevented  the  analysis  of  the  direct  effect 
cf  race  per  se  or  of  the  complex  of  race  with  its  ancillary  socio-  f 
economic  attributes.  Hot  only  has  it  teen  difficult  to  determine 
whether  racial  differences  in  attack  by  cold  were  due  to  differences 
in  tissue  susceptibility,  but  the  very  existence  of  any  differences 
has  been  subject  to  question  because  certain  complicating  factors 
have  apparently  contributed  to  the  racial  disparities  in  overshad- 
owing form.  In  the  Italian  Campaign  during  World  War  II,  the  in- 
cidence of  trcnchfoot  among  Erazilian  and  Hawaiian  'troops  was  cited 
(6)  as  evidence,  in  part,  of  racial  susceptibility.  However,  Toone 
and  Williams  (11)  state-  "that  the  incidence  of  trenchfoot  among 
the  Brazilian  troops,  fighting  the  same  battle  under  identical 
conditions,  tut  inexperienced  in  winter  warfare,  was  at  least  as 
high  as  ours  of  the  previous  winter  and  the  cases  were  much  more 
severe."  This  does  not  necessarily  indicate  a racial  difference 
for  evidence  of  greater  attack  rates  a’aong  Brazilians  was  not  given. 
Furthermore,  as  Whayne  (6)  points  out,  newness  to  combat  and  inex- 
perience undoubtedly  accounted  for  a part  of  this  record. 


f- 

e- , 

& 

• •*-  * 
-V 

Vs  . 

f- 

S 

V- 

jV  ,//'■’< 

y 

\ ] 

*y 

r * 

. - 

RESTRICTED 

Stunt)  IdftfwjtiU 


! i 


■'  / 1 f • V 


S 


RESTRICTED 

WrtllHirwUi 


' • . . ;>>>v  ■■ 

Ir^  PN  ■ 


The  experience  of  the  French  with  Senegalese  troops  in  World 
War  1 is  not  clear  as  to  racial  susceptibility,  for  elements  of 
training  in  winter  warfare,  personal  hygiene,  differences  in 
cultural  background  and  numerous  other  factors,  well  or  poorly 
defined,  may  have  contributed  to  the  overtly  high  incidence  of 
frostbite  in  this  group.  Even  the  data  on  the  United  States 
Negro  in  World  War  11  are  not  strictly  comparable  to  data  for  the 
White  soldiers.  As  was  pointed  out  by  Vhayne,  most  Negroes  were 
assigned  to  service  organizations  and  hence  could  not  be  considered 
as  having  been  exposed  "identically4*  with  front-line  combat  troops. 
The  experience  of  a completely  Negro  Infantry  division  in  Italy 
also  cannot  be  accepted  as  having  been  comparable  and  serving  as 
evidence  of  differences  in  racial  susceptibility,  for  this  unit 
was  inexperienced  and  new  to  cold  weather  combat. 

A jbore  nearly  adequate  approach  to  the  f *oblea  car  be  made  only 
if  all  possible  factors  of  co-oarability  between  the  White  and 
Negro  groups  are  equalized.  In  Korea  during  1950-51  some  suggestion 
of  race  disparities  in  attack  rates  were  noted  (7).  However,  al- 
though a Negro  regiment  "operated  in  the  same  area  under  similar 
circumstances  of  environment  and  combat"  along  with  t*»  other 
all  White  regiments,  there  was  no  evidence  that  differences  in 
morale,  training,  motivation  and  incentive  did  not  exist  between 
them  which  could  have  accounted  for  the  differences  in  attack 
rates  rather  than  true  racial  susceptibility.  On  the  other  hand, 
some  evidence  for  real' racial  differences  existed  in  this  same 
study.  In  another  regiment  Whites  and  Negroes  were  admixed  (26- 
Uli)  and  among  167  cases  evacuated  from  this  regiment  to  Osaka, 
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Occasionally#  squads  of  riflemen  and  mortar  crews  were  in 
charge  of  Negro  corporals  and  sergeants  for  whom  respect  trans- 
cended the  pure  relationship  of  rank.  Eunker-mate3  were  fre- 
quently nixed  and  the  relationship  lacked  elements  of  discrim- 
ination in  the  face  of  a common  enemy. 
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£2.62  were  Negroes.  This  is  highly  suggestive  of  a real  dif- 
ference since  mixture  of  the  races  was  often  down  to  squad  level# 
thus  holding  combat  activity#  locale#  environmental  temperatures# 
norale  and  leadership  factors  constant#  However  there  is  no  evi- 
dence that  this  race  difference  was  true  fpr  all  the.  units  In  the 
1950-51  experience  since  only  about  half  the  injuries  were  evacu- 
ated to  Osaka  Army  Hospital# 

It  was  cot  until  the  winter  1951-52  that  this  factor  could  be 
studied  in  relatively  more  controlled  fashion.  The  application 
of  bunker-cate  control  studies#  the  static  defense  front  with  Its 
relatively  uniform  combat  activity  and  the  eonconitrntly  greater 
opportunity  to  appraise  many  more  factors  alone  the  front  lines 
made  comparison  between  the  raees  more  favorable.  Furthermore, 
Negroes  were  utilised  as  combat  troops  relatively  more  uniformly 
and  admixtures  were  universally  down  to  squad  level#  Thus  the 
physical  and  socioeconomic  environment  along  the  battle  front  was 
deemed  comparable  for  both  races.  There  was  little  evidence  of 
discrimination  observed  by  the  writer  or  at  least  any  prejudice 
was  at  such  a low  level  as  to  be  imperceptible.*  Data  for  all  cold 
injury  cases  were  available  since  all  cases  were  evacuated  to  Osaka 
Army  Hospital  in  1951-52. 

Although  actual  Negro  troop  strength  in  the  United  States  Eighth 
Army  in  Korea  was  11.12  the  over-all  percentage  of  Negro  cases  of 
frostbite  was  10.6.2  (Table  3).  This  disparity  was  further  empha- 
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sized  among  the  individual  combat  units  (Appendix  Table  9)*  Sven 
in  those  units  where  the  percentage  of  Negroes  was  low  the  pro-, 
portion  of  Negro  cases  was  high. 

Further  analysis  of  the  data  utilizing  racial  strengths  at  the 
several  functional  levels  (Table  110)  revealed  the  same  dispro— 

a . • • 

portions.  For  the  Eighth  Army  as  a whole,  whereas  the  ’Whites 
constituted  85.62  of  the  strength*  their  total  attach  rate  (en- 
tire period)  was  2.10  per  1,000  as  opposed  to  8.65  per  1,000  for 
Negroes  who  represented  but  1A.&2  of  the  strength.  For  troops 
in  divisions  (distinct  from  army  and  corps  support)  Whites  con- 
stituted 9l£  of  the  strength  with  an  attack  rate  of  3.97  per  1,000 
as  compared  to  Negroes  with  92  of  the  total  divisional  strength, 
but  an  attack  rate  of  25.91  per  1,000.  Calculations  at  regimental 
levels  revealed  Whites  to  have  constituted  90.12  of  the  total 
regimental  strength  and  to  have  had  an  attack  rate  of  5.80  per 
1,000  while  Negroes,  representing  but  9-92  of  the  total  regimental 
strength,  experienced  an  attack  rate  of  35.86  per  1,000.  For  the 
Eighth  Army  the  White  to  Negro  ratio  was  approximately  1 to  A and 
at  divisional  and  regimental  levels  1 to  6.  (The  total  attack 
rate  ratios  among  the  several  echelons,  irrespective  of  race,  are 
noted  to  be  approximately  1 to  2 to  3;  a reiteration  of  the  find- 
ings in  Table  5 above.) 

Although  the  distribution  of  Negro  cases  by  site  of  injury  was 
virtually  identical  to  the  distribution  of  the  White  cases  (Table 
111),  the  Negro  cases  were  more  frequently  of  more  severe  degree 
than  were  the  White  cases  for  both  foot  injuries  (Table  112)  and 
hand  injuries  (Table  113). 
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TABLE  111 

DISTRIBUTION  OF  690  CASES  OF  FROSTBITE  ACCORDING 
TO  RACE  AND  SITE  OF  INJURY  n: 

KOREA,  1951-5? 


Site 

Kef 

-ro 

White 

No. 

— r~ 

No. 

IT- 

One  hand 

12 

4.2 

17 

4.2 

One  foot 

28 

9.9 

32 

7.9 

Both  hands 

32 

11.3 

37 

9.1 

Both  feet 

177 

62.3 

256 

63.1 

One  hand  - One  foot 

2 

0.7 

1 

0.2 

Both  hands  - Both  feet 

23 

8.1 

34 

8.4 

One  hand  - Both  feet 

5 

1.8 

11 

2.7 

One  foot  - Both  hands 

1 

0.4 

4 

0.9 

Others  'ears,  nose) 

4 

1.4 

?4 

M 

Total 

284 

100.1 

406 

99-9 

Chi  square  - 6.619  df  - 8 P >.50 


TABLE  112 

RACIAL  COMPARISON  OF  DEGREE  OF  INJURY  AMONG  589 
CASES  OF  FROSTBITE  OF  THE  FEET 
KOREA,  1951-52 


Degree 


White 


Mongolian 


of  Injury 

No. 

% . 

No.  ..No... 

First 

164 

47.5  87 

36.2 

3 75.0  . 254 

- n 

43.1 

Second 

109 

31.6  68 

28.3 

0-177 

30.1 

Third 

58 

16.8  72 

30.0 

1 25.0  131 

22.2 

Fourth 

14 

4.1  13 

5-4 

0 - 27 

4.6 

Total 

345 

100.0  240 

99.9 

4 100.0  589 

100.0 

Chi 

square  » 16.413 

df 

- 3 P <.001 

REST®*® 


376 


■•^fjrr.7.  •»*»* 


*£Wta 


.TABLE  133 

RACIAL  COMPARISON  OF  DEGREE  OF  INJURY  AMONG  184 
CASES  OF  FROSTBITE  OF  THE  HANDS 
KOREA,  1951-52 


White 

Kerro 

Mongolian 

Total 

No. 

J 

mm 

f 

umn 

CEH 

3 

. . 

First 

58 

54.7 

27 

36.0 

1 

33.3 

86 

46.7 

Second 

37 

34.9 

36 

48.0 

2 

66.7 

75 

40.8 

Third 

4 

3.8 

12.0 

0 

• 

13 

7.1 

Fourth 

7 

6.6 

4.0 

0 

- 

10 

5.4 

Total 

106 

100.0 

75 

100.0 

3 

100.0 

184 

100.0 

Chi  square  - 9.839  df  « 3 P <-Q2 


Do  these  very  obvious  and  real  differences  in  attack  rates  and 
severity  of  injury  denote  differences  in  tissue  susceptibility  be- 
tween the  races  or  do  they  represent ‘differences  in  cultural  back- 
ground and  implied  socioeconomic  differences  with  resulting  dis- 
parity in  aptitude3»  receptivity  of  training  and  experience?  Do 
these  differences  represent  piysiologic  variations  or  are  they 
manifestations  of  a different  host-environment  relationship? 

To  attempt  an  answer  to  these  pertinent  questions  it  was  deemed 
advisable  to  explore  all  the  attributes  or  factors  for  which  data 
were  available.  Each  factor  was  analyzed  with  respect  to  racial 
incidence  and  compared  with  the  corresponding  control  data.  The 
following  nay  serve  as  an  example.  Since  the  length  of  time  the 
individual  spent  in  combat  without  rest  seemed  to  be  related  to 
the  incidence  of  frostbite,  this  factor  wa3  assessed  for  racial 
differences  to  ascertain  whether  the  racial  difference  could  have 
been  due  to  an  excess  of  Negro  cases  with  more  time  on  the  battle 
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line.  Or.  for  example.  since  cases  as  a whole  carried  extra 
footwear  less  frequently  tiutn  did  controls,  did  the  Negro  cases 
show  a significant  deficit  in  this  category  to  account  for  a higher 
attack  rate  among  then?  A third  exanple.  which  should  suffice  to 
clarify  the  approach  used,  involved  the  factor  of  previous  cold 
injury.  Since  previous  cold  injury  for  the  cases  as  a viola 
appeared  to  predispose  to  frostbite,  could  the  excess  incidence 
among  Negroes  he  attributed,  in  part  at  least,  to  a chance  excess 
of  individuals  with  previous  cold  injury  among  then?  These  and 
other  factors  for  which  data  had  been  collected  were  examined  in 
this  way  and  are  presented  in  suanary  in  Table  11A*. 

1.  Kean  Age 

The  Negro  cases  were  found  to  be  O.t  years  younger  than  the 
White  cases.  Though  statistically  significant,  this  difference 
wa3  probably  of  no  physiologic  import  in  this  age  group.  Con- 
tributing to  this  difference  was  the  greater  number  of  sergeants 
(and  hence  older  age)  among  White  cases  which  in  tarn  reflected 
the  greater  number  of  White  sergeants  than  Negro  sergeants  along 
the  front  lines  as  mentioned  earlier  in  the  discussion  on  rank. 
Aside  from  physiologic  considerations,  if  age  were  to  le  con- 
sidered a reflection  of  experience  in  combat  in  Korea,  the 
subsequent  data  in  Table  11?.  tend  to  reveal  the  opposite,  for 
the  "egro  case  was  found  to  have  been  in  Ko:  <■-.  or.e  month  longer 
on  the  average  than  the  White  case. 

♦ 

Basic  tables  for  these  calculations  will  be  found  in 
Appendix  Tables  10  to  37  inclusive. 
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■ TABLE  1U 

SUMMARY  OF  ANALYSES  OP  FACTORS  TESTED  FOR 
RELATIOi:  TO  FROSTBITE  I!.'  REGARD  TO  RACE 
KOREA,  1951-52 


Rnc 

e • 

ft 

Test  of  significance 

df 

P 

Item 

White 

‘.'erro 

Kean  age  (years) 

22.0 

21.6 

t - 2.352 

694 

<.02 

Rank 

♦ 

» 

* Xt  - 29.616 

4 

<.001 

Typo  of  residence 

Rural 

Urban 

r • 3.321 

1 

>.05 

Days  In  Korea 

93.7 

120.9 

t - 5.779 

681 

<.001 

Days  ir.  co-bat 

46.2 

62.6 

t « A .70. 

670 

<.001 

Days  in  eonbat  without 
rest 

16.0 

16.6 

A - 0.515 

656 

>.60 

Previous  cold  injury 

♦ 

- 

r - 5.413 

3 

>.10 

Previous  illness 
(syphilis) 

♦ 

1?  *24.486 

7 

<.001 

Smoking  (packs) 

.'lours  since  last  ne.xl 
before  frostbite 

0.8 

0.7 

t»  2.752 

556 

<.01 

7.7 

7.9 

t • 0.443 

661 

>.60 

Content  of  last  steal 

• 

♦ 

X?  . 4.621 

4 

>.30 

Footgear  worn 

♦ 

•i 

X2  - J.120 

6 

>.70 

Extra  footwear  carried 

♦ 

- 

X2  - 1.420 

4 

>.80 

Average  change  of  socks 
(days) 

1.5 

1.7 

t - 2.234 

552 

<.05 

Average  change  of 
insoles  (days) 

1.3 

1.5 

t « 0.892 

258 

>.30 

Last  change  of  socks 

1.1 

1.2 

t-  1.692 

563 

>.05 

Sockgear  worn 

♦ 

* 

J ? - 21.050 

6 

<•01 

Oockgear-Footgcar  Comb; 
constrictive 

♦ 

X2  « 0.634 

3 

>.80 

Inadequate  insulation 

- 

♦ 

X2-  3.195 

4 

>.50 

Condition  of  feet  (dry) 

- 

♦ 

X2  - 8.163 

4 

>.05 

Ilandgear  worn  (gloves) 

♦ 

• 

X2  - 3.949 

6 

>.50 

Condition  of  hands  (dry) 

- 

♦ 

X2  • 1.956 

3 

>.70 

Activity 

♦ 

• 

X2  - 10.170 

8 

>.20 

Average  ninLsun  temp, 
of  exposure 

u.r* 

13.8* 

t - 2.150 

620 

<.02 

School  grade  co-pleted 

10.7 

10.3 

t » 0.911 

m 

>.30 

Personal  Hygiene 

♦ 

- 

X2  - 43.905 

2 

<.001 

Duration  of  exposure 
(hours) 

6.8 

6.3 

t - 1.246 

618 

>.20 

ACCT  score  Area  I 

92.5 

73.2 

t - 4.5S4 

71 

*>.001 

AO  if  score  Area  III 

?2.2 

73.2 

t • 4.186 

<.001 

» X2  « chi  square 
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2.  Bank 

As  mentioned  above  and  demonstrated  in  Table  91 • the  dis- 
parity in  rank  between  Negro  and  White  cases  can  readily  be 
explained  on  the  basis  of  fewer ‘Negro  sergeants  exposed  to 
risk*  The  actual  number  of  sergeants  among  White  and  Negro 
cases  was  actually  not  significantly  different  from  that  ex- 
pected on  the  basis  of  percentages  of  sergeants  in  the  lines 
(3.6%  and  11«9£  respectively).  Hence  rank  differences  cannot 
be  said  to  have  contributed  to  the  over-all  difference  in 
attack  rates. 

3.  Type  of  Residence 

This  information  was  designed  to  test  possibly  greater  sus- 
ceptibility to  cold  among  city  dwellers.  Although  the  Negro 
tended  to  come  from  urban  areas  more  frequently*  the  difference 
from  White  cases  was  not  significant. 

A.  Days  in  Korea  and  Cays  in  Ccmbat 

In  each  of  these  items  the  Negro  cases  showed  significantly 
longer  Intervals  than  the  White  eases.  Tils  was  entirely  con- 
trary te  what  would  be  expected  if  the  greater  Negro  attack 
rate  were  due  to  relative  lack  of  familiarity  with  the  terrain 
and  climate  and  to  relative  lack  of  combat  experience. 

5.  Days  in  Combat  Without  Rest 

Ho  difference  between  White  end  Negro  cases  was  observed  in 
regard  to  this  factor  in  fatigue. 

6.  Previous  Cold  Injury 

Although  the  Negro  cases  gave  a history  *>f  previous  cold 
injury  somewhat  less  frequently  than  did  the  Write  cases,  this 
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difference  was  not  found  to  be  significant. 

7.  Preeious  Illness 

As  was  pointed  out  earlier  the  difference  between  the  Uhito 
and  Keen®  cases  of  frostbite  with  respect  to  history  of  pre- 
• vious  illnesses  resided  almost  entirely  In  the  greater  number 
of  cases  of  syphilis  a none  the  latter,  the  significance  of 
this  finding  in  regard  to  frostbite  was  not  at  all  clear  and 
aay  cere*”  reflect  the  observed  concomitant  higher  Incidence 
of  syphilis  in  this  race. 

8.  Smoking 

The  Negro  cases  smoked  somewhat  less  t!j«  did  the  Wl-ite 
frostbite  cases.  Although  statistically  si^tiflstnt*  the  dif- 
ference was  rather  snail  and  ils  physiologic  tor  even  psycho- 
social) sijyiificanee  was  highly  speculative.  If  the  amount 
of  smoking  is  at  all  characteristic  of  a personality  type, 
as  proposed  above  under  psychosocial  factors,  the  Negro  would 
tend  to  fit  this  category. 

9.  liT-e  of  Neal  Eaten  and  Interval  iefore  frostbite 

"o  sl/pilficar.t  differences  were  noted  letween  Negro  and  White 
cases  with  respect  to  the  type  of  meal  last  eaten  before  the 
unset  of  frostlite  and  the  length  of  the  Interval  between  the 
taeal  and  the  onset  of  the  cola  injury.  Actually,  the  Negro 
eases  tended  to  have  a warm  meal  slightly  more  often  than  did 
the  White.  Thus  these  factors  were  not  deemed  contributory 
to  the  race  difference. 

10.  Itaotgear  Wom  at  Time  of  Injury 

If  the  racial  difference  in  attack  rate  we  me  at  least  par- 
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tially  due  to  a proportionately  greater  number  of  Negroes 
wearing  improper  bootgear.  thia  certainly  was  not  shown,  for 
the  Negro  cases  wore  types  of  gear  almost  identical  to  those 
worn  by  the  White  cases. 

11.  Extra  Footwear  Carried 

Since  it  was  shown  earlier  that  an  association  existed  be- 
tween the  carrying  of  extra  footwear  and  frostbite,  a racial 
comparison  was  made  tut  no  significant  difference  between 
Whites  and  Negroes  could  be  round.  In  fact  the  distributions 
among  the  two  races  were  almost  identical. 

12.  Average  Change  of  Socks  and  last  Change  of  Socks  Before 
Frostbite 

The  White  cases  claimed  to  have  changed  their  socks  on  the 
average  once  in  1.5  da;s  which  was  also  the  frequency  noted 
by  the  White  lunker-ranto  -ontrols.  The  Negro  cases  changed 

V . 

their  socks  once  in  1.7  days  as  compared  to  once  in  1.5  days 
for  the  Negro  bunkcr-nale  ccr'.rols.  This  would  lead  one  to 
assume  some  contribution  by  this  factor  to  the  greater  Negro 
rate.  The  more  pertinent  item  would  appear  to  be  the  intevval 
since  the  last  change  of  socks  before  frostbite,  tut  In  this 
regard  Whites  ami  Negroes  were  virtually  identical. 

13.  Average  Change  of  Insoles 

Here.  too.  no  statistically  sipiifieant  difference  was  noted 
between  White  and  Negro  cases  of  frostbite  nor  were  differences 
observed  between  the  respective  cases  and  controls. 

1A.  TVpe  of  Sockgear  Worn 

Although  White  cases  showed  a sijjiiflcantly  greater  number 
wearing  two  pairs  of  ski  socks,  the  item  of  sockgear  taken  by 
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itself  was  of  little  significance.  Its  role  la  frostbite 
production  has  been  described  under  clothing  jed  the  sig- 
nificance of  certain  constrictive  or  inadequately  insulative 
combinations  noted.  In  assessing  racial  differences  these 
combinations  cist  bo  considered.  Though  the  White  cases 
tended  to  have  more  instances  of  constrictive  combinations 
and  the  Be gro  cases  more  instances  of  inadequately  insulative 
combinations,  no  significant  differences  were  found. 

15-  Condition  of  the  Feet  and  Hands 

Although  no  statistically  significant  difference  was  noted, 
the  Wegre  cases  more  frequently  had  dry  feet  at  the  time  of 
frostbite  of  the  feet  than  did  the  White  cases.  This  same 
relationship  was  noted  for  the  hands  among  White  and  Kegro 
cases  of  frostbite  of  the  hinds.  Thus  for  the  tlegro  the  con- 
dition'of  the  feet  and  hands  was  not  necessarily  more  conducive 
to  heat  loss  than  the  White.  To  the  contrary,  the  White  cases 
were  at  somewhat  greater  risk  in  this  respect. 

16.  Handgear  Worn 

H.e  distributions  of  type  of  handgear  worn  by  White  and  Negro 
cases  of  frostbite  of  the  hands  were  virtually  identical. 
Approximately  the  same  proportion  in  each  race- wore  Inadequate 
handgear  at  the  time  of  injury.  ' 

17.  Activity 

Since  cases  as  a whole,  irrespective  of  race,  were  found  to 
have  teen  relatively  less  motile  than  their  bunker-mate  con- 
trols under  identical  conditions  of  cor. tat  environment,  it  was 
of  interest  to  elicit  racial  differences  if  they  existed.  Al- 
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though  the  White  cases  tended  to  be  somewhat  more  active 
than  the  Negro  eases  this  difference  was  found  not  to  b«  sig- 
nificant. 

18.  Average  Minimum  Temperature  During  Exposure 

A distinct  ard  statistically  significant  difference  in  min- 
imum temperatures  during  exposure  was  noted  for  White  and 
Begro  cases.  The  average  minimum  tenperature  during  exposure 
was  2.1  degrees  (?)  higher  for  the  Negro  than  for  the  White 
case.  This  finding  was  of  interest  since  it  was  contrary  to 
the  situation  which  was  productive  of  more  frostbite.  A find- 
ing in  the  opposite  direction  could  have  explained  the  racial 
disparityi  for  if  the  Negro  vere  exposed  by  chance  to  lower 
temperatures,  he  should  have  had  more  frostbite.  The  finding 
of  higher  temperatures  of  exposure  for  Negro  cases  is  especially 
noteworthy  when  it  Is  recalled  that  the  Negro  not  only  had  an 
incidence  disproportionate  to  his  strength  along  the  battle 
line  but  also  had  a higher  incidence  cf  severs  injuries.  This 
factor,  rather  than  explaining  the  racial  difference,  merely 
accentuates  the  disparity.  Whatever  was  operative  in  producing 
a greater  incidence  and  severity  of  frostbite  among  Negroes 
wist  do  so  by  overcoming  opposing  factors  as,  for  example, 
hi$ier  temperatures,  more  experience  as  would  be  measured  by 
days  in  combat  and  somewhat  drier  hands  and  feet. 

19.  Duration  of  Exposure 

Since  chance  could  have  dictated  a longer  mean  exposure  period 
for  the  Negro  it  was  deemed  advisable  to  compare  his  duration 
of  exposure  with  that  of  the  White.  No  significant  difference 
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between  the  two  races  could  be  found  In  this  respect*  In 
fact  the  White  cases  seemed  to  have  been  exposed  somewhat 
longer  than  the  Negro  (6.8  hours  and  6.3  hours  respectively). 

20.  Personal  Hygiene 

This  factor  has  already  been  mentioned  under  "Toot  Hygiene* 
above.  It  should  be  re-emphasized  that  the  highly  significant 
difference  between  Whites  and  Negroes  was  based  upon  observa- 
tions primarily  conducted  on  pre-exposure  controls.  Even 
( presuming  that  bias  were  not  involved,  the  findings  among  the 

controls  cannot  be  projected  to  the  cases,  for  the  White  cases 
could  have  had  equally  poor  hygienic  practices  and  thus  infer 
a relationship  to  frostbite  for  the  group  as  a whole  rather 
than  contributing  to  the  difference  in  racial  attack  rates. 

21.  School  Grade  Completed 

No  significant  difference  was  found  between  the  two  races 
in  respect  to  the  number  of  school  grades  completed.  For 
purposes  of  the  ensuing  discussion,  attention  is  called  to 
the  fact  that  this  item  does  not  take  quality  of  education 
into  account. 

22.  AGCT  Scores 

A clue  of  major  significance  appeared  to  oe  the  AGCT  scores, 
for  « highly  significant  difference  was  noted  between  the  Whites 
and  Negroes  in  Area  I and  Area  111.  The  difference  represented 
one  whole  grade*  below  median  value  for  the  Negro  and  may  well 
indicate  a distinct  difference  in  basic  aptitude  and  knowledge. 

‘ The  reasons  behind  this  difference  are  beyond  the  scope  of  this 

* Grade  IV  as  compared  to  Crude  ill  on  a five  grade  scale 
. with  Grade  1 highest  and  Grade  V lowest. 
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report*  It  should  be  remembered  that  opportunities  for 
education  which  not  only  Involves  total  exposure  to  education* 
but  its  quality  as  well*  may  be  at  a lower  level  for  the  Hegro 
especially  when  so  many  of  the  cases  cone  from  Southern  states 
(see  "Climatic  Rations"  below). 

Of  Importance  to  the  problem  wss  the  relatlons!dp  of  these 
presumably  lower  aptitudes*  skills  or  levels  of  knowledge  to 
frostbite.  If  the  low  ROOT  score  denotes  less  capability  to 
cepe  with  survival  and  comfort  in  -old  weather  combat*  this 
factor  should  bear  a relationship  to  certain  items  of  training 
and  orientation.  Such  Items  include  the  wearing  of  proper 
sock  and  bootgear  combinations*  carrying  of  extra  footwear* 
changing  of  see ks*  constant  maintenance  of  mobility  under  con- 
ditions of  severe  exposure  and  the  execution  of  measures  of 
gpod  personal  hygiene  to  the  extert  that  coahat  condition* 
permit.  Almost  all  of  these  items  revealed  no  racial  differ- 
ences of  sigiiflcanee  except  for  average  change  of  socks  which 
has  been  discussed  above  and  personal  hygiene  which  was  subject 
to  reservation  for  it  was  based  on  control  observations  only. 

Tlds  epidemiologic  study  does  not  pretend  to  have  explored 
all  the  factors  which  may  contribute  to  the  racial  difference 
in  attack  rates  of  cold  injury*  nor  does  it  claim  to  have  ex- 
hausted the  many  facets  of  the  factors  studied.  Though  the 
observed  difference  in  aptitude  scores  as  measured  by  the  AGCT 
was  a tempting  answer*  the  collateral  evidence  to  support  this 
theory  was  lacking.  One  or  two  related  actors  tepd  in  fact 
to  be  in  an  opposing  direction.  This  hypothesis  cannot,  how- 


ever#  b«  dismissed  for  >c curat*  measurements  could  not  to 
Mdo  of  certain  attributes  soch  as  the  wuy  tho  respective 
groups  More  their  hod;  clothing  (general  body  cooling)!  the 
imposition  of  self-discipline#  the  earliest  educational  back- 
grounds and  personality  traits  end  behavior  patterns  of  the 
two  groups.  Survival  in  cold  weather  conbat  nay  be  predicated 
sure  upon  primitive  intelligence  then  upon  cultural  and  in- 
tellectual achievement  for  existence  in  combat  is  at  a rather 
primitive  level.  .Nevertheless  these  factors  appear  to  be  the 
avenues  for  future  study  in  delineating  contributions  to  racial 
differences.  Until  the  psychosocial  factors  ere  quantitated 
or  at  least  sore  nearly  adequately  appraised  the  validity  of 
this  hypothesis  must  be  held  in  abeyance.  As  a p.aetical 
araaure.  however#  and  recotyiizlng  the  Negro  as  t.-lr.g  at  greater 
risk,  unit  commanders  responsible  for  coll  weather  orientation 
and  training  must  eephaslze  the  factors  of  hygiene#  mobility 
and  proper  wearing  of  gear  to  the  Negro  to  a greater  degree 
to  overcome  this  disparity  in  vulnerability. 

the  data  presented  tlus  far  do  not  refute  the  possibility 
Of  differences  in  true  tissue  susceptibility  operating  in  con- 
junction with  the  modifying  psychosocial  factors. 

Although  no  evidence  within  the  framework  of  this  study  l.ae 
been  presented  in  behalf  of  a tissue  susceptibility  hypothesis# 
the  luck  of  si (7iif leant  racial  differences  among  the  several 
factoru  which  should  have  teen  influenced  by  the  A'3CT  scores 
stakes  the  refutation  of  well  an  hy)*> thesis  difficult.  Its 
consideration  Is  tempting  wh»n  there  is  also  recalled  the 
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inordinately  high  rate  unong  the  Ethiopians*  although  factors 
•f  combat  experience > cold  weather  training  and  hygiene  may 
have  contributed  materially  despite  their  acquaintance  with 
cold  weather  in  the  mountains  of  Ethiopia.  Of  some  Interest 
in  the  support  of  a tissue  susceptibility  hypothesis  are  the 
observations  in  the  mono  graph  of  Kristian  Stray  (13).  Nor- 
wtglan  ski  troops  In  winter  maneuvers  were  studied  carefully 
by  this  author  who  found  that  dark  Individuals  tended  to 
develop  frostbite  of  the  ears  and  face  more  often  t.-.un  blonde 
individuals  when  exposed  to  virtually  identical  circumstances.  - 
Although  statistical  tests  performed  by  the  author  showed  no 
significant  difference,  trends  were  apparent  and  the  severity 
of  tho  lesions  appeared  to  have  been  greater  and  to  have  oc- 
curred earlier  in  th.a  dark  individuals. 

CVmatlc  Region  of  Origin 

Accll&aMzatlen  to  cold  has  become  the  subject  of  a voluminous 
literature.  The  ability  of  certain  races  Indigenous  to  cold 
regions  to  adjust  or  adapt  to  the  extremes  of  their  environment 
has  been  the  tsple  of  discussions  by  explorers  and  physiologists. 
The  confusion  In  terminology  has  likewise  grown  apace  so  that  It 
is  deemed  relevant  to  rcdeTine  aeel lmatizatlon  and  accustom! ration. 
The  diction  iry  defines  acclimatization  os  "habituation  to  a climate 
not  native  to  tho  individual".  Pest  usage  has  predicated  physiolo- 
gic changes  In  the  organism  ns  criteria  of  acclimatization.  The 
corppror.lslni;  addition  of  clothing  as  one  proceeds  from  the  tropics 
to  the  artlc  is  not  acclimatization  but  on  adaptation  to  environ- 
mental stress.  However,  tre  use  of  fewer  layers  of  clothing  as 
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one  continues  to  live  in  the  cold  »s  described  by  Blair  (1A) 
and  the  Increased  performance  efficiency  aay  represent  true 
physiologic  Acclimatisation.  Adolph  (15)  claimed  acclimatization 
in  animals  and  cited  increases  in  mean  resting  oxygon  consumption 

as  physiologic  evidence  of  such  acclimatisation*  but  this  author 

* 

denlea  acclimatization  in  man.  A sumary  of  physiologic  evidences 
tending  toward  acclimatisation  in  man  has  been  reviewed  by  Kerk 

(14). 

Accustooization  docs  not  involve  pltyslologie  changes  but  rather 
behavioral  pattern  changes  - e "leaming-to-livo-with-thc-cold" 
as  it  were.  A Sudanese  soldier  transported  to  a subartic  environ- 
ment and  given  gloves  might  not  ronenber  to  put  Ids  gloves  on  at 
first  tut  would  soon  reach  for  them  to  keep  his  hands  warn.  A 
lesser  contrast  nay  be  represented' by  an  inexperienced  artlc  ex- 
plorer who  soon  learns  to  wear  the  necessary  number  of  layers  of 
clothing  in  -i» 0*  F.  cold. 

The  evidence  for  acclimatization  on  the  basis  of  initially  high 
peaking  of  incidence  with  the  first  waves  of  cold  weather  in  the 
Korean  experience  (fl)  was  rather  tenuous  and  has  been  mentioned 
briefly  in  this  report.  Str.ee  it  was  difficult  to  separate  the 
influences  of  lack  of  .deviate  boot;>.-ar  and  combat  activity  in  a 
(jiantltatively  subtractive  fashion,  it  was  virtually  impossible 
to  say  that  a residual  effect  remained  which  was  due  to  lack  of 
acclimatization  among  .a  greater  number  of  susceptible^  -t  the  out- 
set of  the  season.  The  hypothesis  on  tie  other  bant  cannot  oc 
refuted  for  the  same  reason.  The  severity  of  injury  would  l<e  sig- 
nificantly greater  at  the  outset  and  then  decttr.e  if*  all  other 
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factors  being  constant.  acclimatization  processes  were  At  work. 
Although  from  Figure  2,  presented  earlier,  the  ttoveacber  percentage 
of  third  and  fourth  degree  Injuries  was  not  significantly  greater 
than  those  in  December,  the  difference  from  those  in  February  «»• 
Barked  (31.3*  as  compared  to  16.1*  respectively)  and  statistically 
siptifieant  (J.6  3.E.).  This  finding  was  complicated  by  the  pro- 
gressively increasing  issue  of  the  new  insulated  rubber  combat 
tost  which  was  discussed  above.  Thus  the  search  for  greater  evi- 
dence of  acclimatisation  had  to  proceed  in  other  directions. 

The  question  naturally  arises  whether  troops  originating  from 
northern  cliaatea  are  more  acclimatized  (or  at  least  aecusloaized) 
to  cold  than  are  troops  from  southern  climates.  In  1950-51.  Or r 
and  Fainer  (7)  presented  incidence  data  on  the  basis  ot  geographi- 
cal origin  of  166  frostbite  cases.  They  divided  the  United  States 
into  four  regions  according  to  the  average  minimum  temperatures 
of  the  respective  states  and  found  a greater  percentage  of  the 
sample  to  have  come  Trom  the  varter  states.  Unfortunately,  no 
data  of  this  type  was  available  for  a cross  section  of  the  front- 
line troops  who  were  not  injured  by  cold.  Thus,  the  values  presented 
could  have  reflected  a greater  number  of  troops  in  Eighth  Airy  from 
these  southern  regions. 

The  1VJ1-J2  data  included  information  on  state  of  origin  of  the 
eases  as  well  as  of  bir>er-nate  and  pre-exposure  controls.  In  the 
interview  the  state  in  which  the  infantryman  spent  the  greater  por- 
tion of  lis  life  was  recorded.  In  the  pre-exposure  study  the  states 
in  which  the  front-lire  riflemen  spent  the  sccona  and  third  longest 
perious  of  their  lives  were  also  recorded.  Th.ls  latter  data  were 
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used  as  an  index  of  migration  between  regions  and  revealed  that 
approximately  BDi  (of  1.628  pre-exposure  rent  role)  either  never 
left  their  region  of  birth  or,  if  they  eoved  from  the  region  of 
their  birth*  they  did  not  leave  the  general  e lima  tie  tone  (l.e. 
northerly  or  southerly}*  This*  coupled  with  the  fact  that  where 
migration  did  occur  the  a tat#  of  longest  residence  was  utilised 
in  the  aubsequcr.t  calculations*  minimised  the  factor  of  migration 
aa  it  might  affect  either  accliaatltitloo  er  ac customisation. 

The  sane  groupings  of  states  were  utilised  as  in  Orr  and  Fairer** 
study.  The  source  of  the  January  minima  temperature  averages  was 
the  United  States  Department  of  Comeree  Maather  Bureau  (17)  and 
involved  temperatures  recorded  for  periods  of  as  long  as  79  year*. 

The  temperature  for  the  slate  was  derived  by  calculating  the 
aiaple  average  of  the  readings  at  all  the  weather  station*  in  that 
state.  Since  such  stations*  with  the  exception  of  one  or  two  states* 
are  more  fr07.1cr.tl7  located  In  larger  center*  of  population  within 
the  state  and  since  Selective  Servlet  procedures  Jraw  sore  men  from 
more  highly  populated  areas*  the  simple  average  rather  than  a 
weighted  mean  was  considered  adequate  for  the  purpose. 

The  states  were  then  grouped  arbitrarily  into  four  taste  regions 
as  Indicated  in  Figure  12.  A fifth  region  was  included  to  account 
for  Kuwait  ar.d  Puerto  Rico  as  exirj-conititental  areas  of  the  United 
States  aLLhOMty.  tt  eir  r.liilmm  January  temperatures  fell*  by  defin- 
ition* into  Region  17  ( temperatures  of  over  J5*  ?•}.  Although 
calculation.'  • re  performed  for  «'*ch  region,  co-pirl.’or.n  for  the 
analysis  of  In iivl.ai.il  factors  were  made  between  northern  or  colder 
cor.et  (ling  ions  1 and  ID  and  southern  or  warmer  sonea  (Regions  ill* 
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IV  and  V).  It  oust  here  be  emphasized  that  reference  to  forth 
and  South  is  purely  on  a climatic  basis  and  not  on  political  or 
socioeconomic  bases. 

Table  115  reveals  the  fact  that,  although  do  re  front-line  troops 
case  from  southerly  regions  (as  judged  by  the  pro -exposure  sample) 
and  sore  bunker-mate  controls  similarly  ease  from  these  regions, 
the  excess  of  eases  of  frostbite  over  the  expected  from  the  South 
was  highly  significant  when  compared  to  either  control.  Utilizing 
the  pre-exposure  sample  as  indicative  cf  the  states  of  origin  of 
troops  in  Korea  in  1950-51,  the  saae  significant  excess  of  frost- 
bite cases  free  the  South  was  found. 

Since  distinct  differences  in  the  race-specific  attack  rates 
were  found,  the  influence  of  climatic  region  or  origin  upon  attack 
rates  among  h'egroes  and  Whites  had  to  be  examined.  I.'egro  cases 
were  separated  from  White  eases  and  each  compared  by  chi  s pure 
contingency  tables  with  the  respective  racial  bunker-cate  and  pre- 
exposure  controls.  Doth  tests  for  the  13cg roes  failed  to  show 
ary  regional  differences  (Appendix  Tables  33  and  39).  However, 
comparisons  for  the  Whites  revealed  highly  significant  excesses 
of  Southern  cases  over  the  expected  according  to  the  control  dis- 
tributions (Appendix  Tables  1,0  aid  41).  With  these  differences 
in  mind,  relative  attack  rates  were  calculated  for  White  and  "egro 
necorjing  to  climatic  region  aid  compared  to  the  northern  './Kites. 
Table  116  presents  the  data  accerdiig  to  race  and  region  of  origin 
ard  utilizes  the  pre-exposure  sample  for  regional  distribution  of 
the  Eighth  Array.  It  can  be  seen  that,  having  equalized  the  cane 
rate  according  to  the  percentages  of  race  and  regiotv  of  origin. 
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TABLE  11$ 

CCKPARISO’J  OF  701  CASES  OF  FROSTBITE,  452  EPIDEHIOLOCIC 

controls  ajio  1359  pre-exposure  co!m»is  jith  respect 

TO  CUMATOLOGIC  REG  I OS  OF  ORIGIH 
KOREA,  1951-52 


Region 

Case 

s 

Epidemiologic 

Controls 

Pre-Exposure 

Controls 

IHESIB 

mm 

mzm 

WBI 

:«a» 

1 

22 

mm 

121 

8.9 

11 

115 

16.1 

117 

25.9 

329 

24.2 

111 

261 

AO.  1 

148 

32.7 

604 

44.4 

IV 

228 

32.5 

100 

22.1 

275 

20.2 

V 

55 

7.8 

. 4 8 

10.6 

2.2 

Total 

701 

99.9 

4 52 

99.9 

3359 

Chi  square 

44.653 

101.464 

P 

* 

<.<501 

<.001 

florth  (1,11) 

137 

ESI 

156 

34.5 

450 

South  (III, IV, V) 

5*4 

(523)* 

(501)>* 

1 

2% 

65.5 

909 

Chi  square 

' • 

32.490 

P 

“ 

<.001 

» 


1 


* Expected  on  baais  of  Epidemiologic  Controls 
**  Expected  on  basis  of  Prc-Exporure  Controls 
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• TABLE  116 

CCMPAiUSOrS  OF  RELATIVE  RISKS  OF  ATTACK  BT  FROSTBITE  BETWEEN  WHITE 
AIT  NEGRO  POPULATIONS  OF  THE  UNITED  STATES  EIGHTH  AHKT 
KOREA,  1951-52 


Region  and  Race 


I Northern  White 
Southern  White 

Uortlvem  Kegro 
Southern  tie^ro 


i in  Eighth  Army 

Kb. 

Adjusted 

"Risk  of 

(a) 

of 

Case  Rate 

Attack" 

(Pro  -Exposure  Sompla) 

Cases 

Ratios 

(b) 

32.6 

113 

366.57 

1.000 

1.000 

52.  8 

295 

558.73 

1.612 

0.9 

26 

2666.66 

7.696 

5.058 

13.7 

262 

1912.36 

5.518 

100.0 

696 

an,  - 

- 

ratios  of  risk  of  attack  for  both  race  and  region  were  obtained. 

With  the  Northern  White  adjusted  case  rate  as  enlty,  the  Southern 
White  appeared  to  te  1.6  times,  the  Northern  Negro  7*7  times  and 
the  Southern  Negro  5*5  times  at  risk  over  the  Northern  White  soldier. 
Chi  square  contingency  calculations  revealed  that  the  difference 
in  attack  rate  between  the  Northern  and  Southern  White  troops  was 
highly  significant,  but  the  difference  between 'Northern  and  Southern 
Negro  soldiers  was  statistically  not  significant.  In  T<sle  Ilf, 
there  is  sum-trized  the  relationships  among  the  four  categories 
of  troops  according  to  the  chi  square  tests.  It  is  obvious,  with 
these  two  approaches  reinforcing  each  other,  that,  whereas  origin 
from  Southern  climatic  regions  increased  the  attack  rates  among 
White  troops,  no  such  relationship  was  found  for  the  Negro,  further- 
more the  racial  disparity  in  attack  rate  was  once  more  emphasized 
for  each  of  the  climatic  zones  (North  ar.d  South).  Thus  the  race 
f .clor  far  overshadowed  the  factor  of  climatic  region. 
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TAELS  117 


Il.TERGROUP  COMPARISONS  OF  RISK  OF  ATTACK 
KOREA,  1951-52 


Grouo  Conns rl son 

Chi  sous  re 

P 

Southern  Negro  > Northern  White 
Southern  Negro  > Southern  White 
Northern  Negro  > Northern  Whito 
Northern  Negro  > Southern  White 
Southern  White  > Northern  White 
Northern  Nerro  - Southom  Ke/ro 

153.086 

112.538 

40.123 

22.719 

14.332 

0.867 

<.001 

<.001 

<.001 

<.001 

<.001 

>00. 

Irrespective  of  whether  acclimatization  or  aceuatomization  was 

responsible  for  the  regional  differences  among  the  troops  in  Korea, 

« 

an  additional  hypothesis  relative  to  adjustment  to  the  cliaatie 
environment  was  tested.  It  was  argued  that  If  acquired  resistance 
to  cold  was  related  to  exposure  experience  as  in  the  animal  (8), 
soldiers  living  in  rural  areas  for  the  greater  part  of  their  lives 
should  have  had  greater  exposure  and  hence  greater  resistance  aa 
manifested  by  fewer  cases  of  frostbite.  This  hypothesis  could  not 
be  substantiated  for  both  eases  and  controls  revealed  an  almost 
identical  distribution  by  rurolity  and  urbanity  (Table  118).  Even 
aeparation  into  the  racial  and  regional  components  failed  to  estab- 
lish any  siciificant  relationships  between  type  of  residence  and 
predilection  to  frostbite  (Appendix  Tables  42,  43  and  44).  Though 
a tendency  for  city  dwellers  to  have  higher  degrees  of  frostbite 
was  noted  t-.orig  577  cases  of  frostbite  of  the  feet,  this  was  not 
statistically  significant  (Appendix  Tables  45  and  46),  This  evi- 
dence was  inconclusive  for  no  data  were  collected  uniformly  in 
regard  to  the  type  of  occupation  engaged  in  by  these  cases  in  eivil- 
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TABLE  U8 

CtfiPARlSOr:  OF  702  CASES  OF  FROSTBITE  AND  8 
BUEKZR-KATE  CONTROLS  WITH  respect  to  type  of 
PiilDEIXE  LIVED  IK  FOR  GREATER  PART  OF  LIFE 
KOREA,  1951-52 


Type  of  Residence  I Cases  I Controls 


Rural 

Urban  and  suburban 


No. 

ff 

:;o. 

158 

22.5 

106 

23.7 

5*4 

77.5 

76.3 

702 

100.0 

W.8 

100.0 

Chi  square  - 0.206  df  - 1 P >.50 


ian  life,  ftiral  indoor  and  urban  outdoor  occupation.*  could  not 
be  analyzed. 

With  the  demonstration  of  greater  frostbite  attrek  rates  for  the 
Negro  and  Tor  the  Southern  Vftdte,  the  data  on  severity  of  injury 
were  reviewed  on  the  basis  of  race  and  region  to  ascertain  whether 
the  Southern  White  sol.’iers  showed  higher  degrees  of  Injury  than 
did  the  I.'orthem  Whites.  No  sipiificant  differences  In  severity 
of  injury  between  Northern  ind  Southern  groups  could  bo  demonstrated 
(Tables  119  and  ICO).  The  sityiificant  differences  noted  were  be- 
tween the  races  per  se.  It  must  tc  emphasized  that  the  classification 
of  frostbite  by  depth  of  tissue  damage  without  regard  to  extent  of 
the  damage  say  preclude  such  correlative  studies. 

Just  as  the  several  host  and  environmental  factors  were  tested 
for  differences  between  White  and  Negro  cases  in  an  attempt  to 
determine  the  basis  for  the  racial  disparity,  so  were  they  analyzed 
to  elicit  the  underlying  reasons  for  the  regional  difference  among 
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the  White  cues.  Table  121  summarizes  the  individual  factor 
findings  according  to  Northern  (Regions  I and-  II)  and  Southern 
(Regions  lilt  IV  and  V)  climatic  zones  for  Whites  and  Negroes.* 

The  method  of  analysis  was  identical  to  that  employed  in  the  racial 
comparisons  and  its  description  will  not  be  repeated  here.  Baphs- 
sis  will  be  given  the  comparisons  between  Northern  and  Southern 
White  cases  of  frostbite  and  the  Negro  cases  will  be  referred  to 
only  when  pertinent  or  contributory  to  the  argument. 

1.  Kean  Age 

No  differences  were  found  between  the  elimatie  2ones.  Thia 
merely  reiterates  the  general  lack  of  association  between  frost- 
bite and  age  in  this  physiologic  age  group. 

2.  Sank 

For  this  factor  which  was  fairly  significant  in  the  racial 
comparison,  no  significance  could  be  demonstrated  between 
Northern  and  Southern  regions,  although  a slight  trend  toward 
higher  ranks  was  noted  among  the  Southern  group.  This  would 
not  support  an  hypothesis  that  the  Northern  regional  attack 
rate  was  lower  because  of  greater  experience  in  combat  nr,d  more 
frequently  occurring  elements  of  leadership. 

J.  Days  in  Korea 

Creater  familiarity  with  the  Korean  terrain  and  climate  cannot 
be  claimed  for  the  Northern  cases  than  for  the  Southern  to 
account  for  their  rate  disparities.  This  was  based  on  the  lack 
of  significant  difference  in  the  number  of  days  the  group  spent 
in  Korea. 


* Basic  data  and  calc-il  ations  will  be  found  in  Appendix 
Tables  5l  to  136  inclusive. 
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TABU  121 

SUMMARY  0?  ANALYSES  0?  FACTORS  TESTED  FOR  REGIONAL 

difyuiekces  xu  white  aid  negro  frostbite 
KOREA,  1951-52 


r,  .• 
f 


Kean  ace  (yrs.) 

Rank 

Days  In  Korea 

Days  in  ccrnbat 

Daya  in  conbat 
without  rest 

Previous  .-old  injury 

Previous  lllr.ess 

(t-.vi  ri.Q 

, Groking  (packs) 

; Hours  since  last  real 
h.-forc  frostbite  _ 
Content  of  last  real 
( hot  real) 

Foot,-, car  worn 
._k4  enua tel  | 

Extra  footwear 

carried 

Average  change  of 

2£ck sjd ays)  ....  _ 

Average  charge  of 
insoles  (Hays) 

Sockgear  worn 

Last  charge  of  socks 

(ilil'l 

Condition  of  feet 

(jry). 

Condition  of  hands 

kLcz) 

Activity 

Average  lain.  ter;>. 
of  oxnoruro 

* X2  * Chi  square 


rt 

S 

ti 

s 

Significance 

22.0 

22.0 

22.3 

a.5 

, . 0.266 
*■  “ 1.221 

403 

2*y+ 

- 

♦ 

- 

♦ 

<*2.  3.740 
2.803 

4 

) 

- ■ 

♦ 

- 

♦ 

,2  . <1.749 
F * 7.197 

0 

0 

39.® 

47.5 

43.0 

63.3 

t-  i*V” 
v 2.202 

393 

_271 

14.3 

16.1 

12.5 

16.5 

t.  la8? 

* 1.214 

390 

260 

♦ 

- 

- . 

♦ 

£ . A.139 
r 0.091 

1 

1 

- 

♦ 

m 

m 

y2  . 16.043 
1.255 

H j 

A] 

1.0 

0.8 

1.0 

0.7 

. . 2.941 
2.582 

400 
22 0 

7.2 

2.7 

6.1 

9.6 

t-  2*7‘9 

..  —J.S& 

350 

-211, 

1.5  1.7  1.7 

1.)  1.4  1.5 

■ « ♦ 

1.1  1.1  1.2 


12.01  16.51  13.6  t 


2.8J9 
6.126 
1.023 
0.420 
2.0C0 
_2.C01 
a.twtT 
C 123 

ijtjro' 

10.6.Vl 

0.9ol 

t ’Ol 
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TABLE  121  (cont.) 


Baca  and  Region 


Item 

1 White 

He* 

ro 

Test 

of 

df 

U 

s 

~ ! 

s 

51/tnlfieince  1 

Duration  of  exposure 
(hrs.) 

11.2 

10.6 

X 

X 

i • 

0.374 

674 

School  grade 
coraoleted 

11.8 

10.2  ' 

10.9 

10.3 

t • 

2.589 

1.077 

49 

65 

ACCT  score  Area  I 

103.5 

69.3 

X 

73.9 

t • 

1.570 

24 

ACCT  score  Area  111 

104.,? 

63.5 

5 8.5 

73.8 

t • 

X? 5T 

1.408 

24 

43 

Personal  hygiene 

♦ 

m 

♦ 

- 

X2. 

1.522 

0.901 

A.  Days  In  Combat 

If  greater  "battle-viadom*  played  a chanea  role  In  one  group 
or  the  other*  thia  was  certainly  not  borne  out  by  the  mean 
days  In  combat  for.  Northern  and  Southern  groups*  A trend  toward 
a higher  wean  was  noted  for  the  Southern  cases. 

5*  Days  in  Combat  Without  Rest 

If  battle  fatigue  were  greater  for  one  group  than  the  other, 
to  account  for  greater  frostbite  incidence*  e clue  to  thia 
factor  might  ba  found  in  disparities  in  the  mean  time  spent  in 
combat  without  rest.  According  to  the  analysis  of  this  feetor 
in  Table  121  and  to  the  extent  that  days  in  combat  without  rest 
measures  fatigue*  no  significant  difference  was  found  between 
the  two  groups. 

6.  Previous  Cold  Injury 

Of  interest  in  this  analysis  was  the  fact  that  a significantly 
greater  number  of  Northern  White  coses  gave  a history  of  pre- 
vious cold  injury.  3inee  previous  cob)  injury  was  found  in  an 
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Wll,r  discussion  to  Uc  • distinctly  positive  relntion- 
, Kip  to  the  incidene.  of  frostbit*,  this  f«t  Wd  hav. 
opsrsUd  against  there  being  an  .*•»  of  frostbit. 

A,,  to  this  factor  in  th.  South;  or,  tersely.  slx«W  *«• 
iw^ssed  th*  probability  of  “*ng  ^ 

then,  felt.  troops.  Sine.  ««««  occurred  in  th.  South 

other  fsetors  rsust  her.  operatad  in  producing  •»  or.r-.ll 
Wcher  incidence  of  frostbite  aewg  the  »,lt.  troop,  fro. 
the  Southern  elinatic  regions  despite  the  core  freV.nt  his- 
tory of  Previous  cold  injury  In  the  *>rth.  This  rel.tionshlp 
i,  quantitatively  set  forth  in  Table  1*.  «tiU.ing  the 
dlatrihutlon  of  previous  cold  injury  W the  pre-exposure 
controls  a.  - indicator  for  the  expected  nunher  of  case. 

**  previous  cold  injury,  the  actual  nuntcr  of  case,  of  frost- 

tit.  who  gave  histories  of  cold  injury  ™ «*«»"*  * ** 
chi  square  technique.  Ihcse  ceopsrisor.s  -ere  nade  for  race 
„d  region.  H can  be  »««,  that  ttfc  northern  (chi  s^r.r.  - 
5.C02)  and  Southern  (0,1  ***«  - 30.17t)  '.hit.  cases  had 
al^ificant  excesses  of  cSses  with  history'  of  previous  cold 
injury  over  the  nurOor  expected.  SiniW 
regro  cases  showed  a si^ifieant  excess  (chi  s^«re  - 7.126). 
tr..e  chi  square  value  for  the  northern  Me,ro  was  unreliable 
became  of  the  «.U  sice  of  the  expected  value.)  These  individ- 
ual coraponent  chi  square  values  as  -ell  as  that  for  the  experi- 
wce  as  a whole  (chi  square  - tJ.6J5)  merely  reiterated  the 
finding  of  a significant  excess  of  frostbite  cases  wish  a his-  ■ 

, . . . "Justs  for  interaction  of  this 

tory  of  previous  cold  injury* 

RiisTr.icttO 

*05  S***, 


jAS.  I.--:'  ^±r  J—  d-‘- W.-^V1.  -•  ■ <f«i  StL Ut£  Vjaii  hwVWa.-.*  < .^.fi^.'V- 


C RESTRICTED 

factor  with  region  nn»i  rare  revealed  that  previous  cold 
injury  did  not  affect  the  groups  equally.*  Secondly*  testa 
of  interaction  between  previous  cold* injury  and  region  re- 
* vealed  that  region  contributed  sl^iiflcantly  to  this  excess, 
finally*  tests  of  interaction  between  previous  cold  injury 
and  race  revealed  that  race  did  not  contribute  to  the  excess.*** 
Therefore  by  this  technique  the  more  prominent  role  of  climatic 
region  was  noted  in  the  interaction  with  previous  cold  injury, 
i Thus  it  was  concluded  that*  by  subtracting  the  contrary  effect 

of  a greater  incidence  of  previous  cold  injury  among  Northern 
cases*  the  effect  of  climatic  region-  of  origin  on  production 
of  frostbite  was  amplified. 

7.  Previous  Illness 

As  might  be  expected  from  knowledge  of  the  extent  of  the 
endemic  reservoir  of  malaria  the  Southern  cases  gave  a history 
of  this  disease  significantly  more  often.  That  this  factor 
was  purely  coincidental  and  indigenous  to  Southern  regions 
rather  than  contributory  Jn  any  way  to  the  exeess  of  frostbite 
cases  from  Southern  regions  was  shown  by  the  synonymous  dis- 
tribution of  this  item  among  the  White  control  subjects. 

6.  Ssoking 

= Just  as  in  the  racial  comparison*  so  in  the  regional  com- 

parison was  a scuyilficant  difference  in  the  amount  of  smoking 

*E(chl  square)- chi  3<{unre  * .J.f> 35-23.580  * 20.055;  df  * 3 P <.001 

-aE(chi  square)-chi  square  - jr..:?6-22.  .'53  - 12.323;  df  « 1 P <-001  and  also 

E(<*hi  sqnroj-chl  square  " 8. '.59-  3.943  • 4.511*  df  • 1 P <.05 

*,;,E(chi  square) -chi  square  - 38.215-(30.174  ♦ 7*126)  ■ 0.515*  df  * 1 P >.30 
(Southcn*.  White  nlu-j  Southern  Negro  only  since  the  number  of  Northern 
Negro  cases  were  too  few  for  reliability) 
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ft«nd.  In  the  latter  Instance  the  Southern  casea  staked 
less  than  the  Northern.  It  should  be  recalled i first,  that 
the  cases  as  a whole  smoked  significantly  less  tobacco  than 
did  the  controls.  Secondly,  the  Negro  cases  smoked  signifi- 
cantly less  than  the  White  cases.  The  finding  of  less  saok- 
ing  among  another  group  with  significantly  higher  atUck 
rate  for  frostbite,  namely  the  Southern  White  cases,  there- 
fore emphasised  this  factor  (or  lack  of  it)  as  associated  with 
frostbite.  The  controls  did  not  s»«w  this  regional  difference. 
The  concept  of  an  underlying  personality  complex  or  at  least 
some  psychophysiologlc  factor  must  be  considered  serioutly. 

& clairs  can  be  made  that  less  snoring  among  Southern  White 
eases  resolves  the  problem  of  the  difference  in  attack  rates 
more  than  that  less  smoking  among  Regro  cases  resolves 
the  question  of  racial  disparity.  This  fca'ure  msy  be  a re- 
flection of  behavior  ec,wx>n  to  Negroes  and  Southern  Whites 
(in  that  order)  which  in  turn  nay  be  conducive  to  a poorer 
adjustment  to  the  needs  of  cold  weather  survival. 

9.  Interval  Since  Last  Real  Before  Frostbite 

Unlike  the  situation  among  tha  controls  the  Southern  White 
frostbite  cases  showed  a significantly  longer  interval  between 
the  last  real  and  the  onset  of  their  frostbite  than  the  Northern 
^hite  cases.  This  factor  took  on  even  greater  significance 
when  a tendency  for  the  Northern  White  coses  to  have  had  a hot 
meal  in  core  instances  was  noted,  though  the  reason  for  this 
difference  in  the  interval  since  the  last  meal  was  r.ot  at  all 
clear. 


RESTATED 


406 


A;  A 


RESTRICTED 


10.  toot  gear  Vbra 

No  significant  difference  was  noted  between  the  Northern 
and  Southern  White  eases  in  recard  to  the  adequacy  of  boob- 
gear  for  the  temperature  and  ground  condition. 

11.  Extra  footwear  Carried  ‘ ’ 

The  Northern  and  Southern  White  eases  revealed  no  differences 
in  regard  to  the  quantity  and  type  of  extra  footwear  which 
they  carried  for  changing. 

12.  Average  Change  of  Socks 

No  aigr.i!  leant  difference  in  average  interval  between  sock 
changes  was  noted  between  the  two  elinatie  zones. 

13.  Average  Change  of  Insoles 

The  average  interval  between  changes  of  insoles  in.  shoepacs 
was  also  not  sipuiflcantly  different  between  Northern  and 
Southern  eases. 

14.  Soekgear  Vtom  and  Last  Charge  of  Socks 

Both  Northern  and  Southern  White  cases  wore  the  ease  typs 
and  quantity  of  sock  gear  at  the  tiee  of  their  coin  Injuries 
and  had  last  changed  their  socks  at  virtually  identical  inter- 


15.  Condition  of  r’eet 

Although  the  Northern  White  eases  tended  to  have  had  -sore 

c 

instances  of  dry  feel  at  thr.c  of  injury,  no  significant  dif- 
ference frou  the  Southern  White  eases  was  noted. 

16.  Condition  of  ilar.ds 

Along  the  hand  cases  of  fro  stHte  the  Northern  and  Southern 
Whites  did  not  rev-al  any  significant  uifferences  In  the  cor- 
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ditlon  of  the  hinds  at  the  time  of  injury. 

1?.  Activity  at  Time  of  Injury 

Although  it  mss  shown  earlier  that  the  frostbite  cases 
were  significantly  less  active  than  the  controls  in  identi- 
cal environmental  situations,  this  factor  was  apparently  non- 
contributory  to  the  regional  difference  in  attack  rates, 
there  was  a tendency  for  the  Southern  White  cases  to  have 
been  somewhat  sore  active  than  the  Northern  White  frostbite 
cases. 

IS.  Average  Minima  Temperature  of  Exposure 

Both  Northern  and  Southern  White  eases  were  apparently  ex- 
posed to  virtually  the  sene  minima  temperatures  as  evidenced 
by  a lack  of  statistical  significance  in  the  difference  between 
the  average  minimus  temperatures  of  exposure  for  the  two  groups. 

19.  Duration  of  Exposure 

Both  groups  were  exposed  to  the  low  ambient  temperatures  for 
virtually  identical  lengths  of  time. 

2D.  School  Grade  Completed 

Although  no  significant  racial  difference  was  found  for  the 
highest  school  grade  completed  by  the  cases  of  frostbite, 
a statistically  significant  difference  of  1.6  years  to  the 
advantage  of  the  Northern  White  cases  was  observed.  If  the 
quality  of  education  was  considered,  the  difference  in  edu- 
cational achievement  may  have  been  even  greater  than  that 
represented  by  1.6  years.  The  difference  between  the  Northern 
and  Southern  White  cases  relative  to  this  factor  became  even 
more  provocative  when  it  was  noted  that  the  average  school 
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school  grads  completed  by  Southern  Whites  virtually  equaled 
that  achieved  by  the  Southern  Negro  eases  and*  for  that  matter* 
all  Negro  cases  irrespective  of  region.  Certainly  greater 
education  should  augaent  attributes  pertinent  to  accustomi- 
zation  and  the  significance  of  this  factor  will  be  discussed 
below. 

21.  AGCT  Scores 

There  was  a distinct  tendency  for  the  Northern  White  eases 
to  have  higher  AGCT  scores  in  Aptitude  Areas  I and  HI.  These 
scores  say  well  reflect*  in  part  at  least*  the  educational 
achievement  of  the  four  race-region  groups  as  noted  above. 

22.  Personal  ily glens 

So  regional  differences  in  personal  hygiene  were  noted  but 
the  degree  of  reliability  of  this  data  must  be  kept  in  rind 
as  discussed  in  the  section  on  racial  attack  rates. 

M.  Acclimatisation  vs.  Accur.teiaization 

The  evidence  for  acclimatisation  of  man  to  cold  is  at  test  ten- 
uous and  net  as  firmly  grounded  as  acclimatization  to  heat.  Al- 
though acclimatisation  to  heat  in  nan  is  lost  rather  quickly  one 
may  only  speculate  that  such  is  also  the  case  in  acclimatization 
to  cold  for  only  animal  studies  exist  in  this  regard  (8).  If  this 
is  also  true  for  man  and  loss  of  acclimatization  on  a physiologic 
basis  occurs  in  about  a month,  then  the  effects  of  climatic  origin 
on  such  acclimatisation  wiuld  certainly  not  have  carried  through 
a Korean  summer.  This  conjecture  denies,  of  course*  the  possible 
residual  effects  of  repeated  winter  acclimatizations  among  those 
troepa  who  have  lived  most  of  their  lives  ir.  northern  regions  and 
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th«  possibility  of  long  torn  acclimatizations  «s  yet  not  demon- 
strated. . These  possibilities,  though  not  very  likely,  have  not 
been  disproven.  In  the  present  study  no  direct  concrete  evidence 
for  acclimatization  of  a physiologic  character  has  been  educed. 

The  analysis  of  the  several  factors  studied  was  designed  to  weigh 
• other  possibilities  as  contributory  to  the  difference  in  attack 
rates  between  the  climatic  zones.  Among  these  possibilities  is 
the  concept  of  accustooizetion  to  cold  (psychological  acclimati- 
zation. adaptation  or  experience). 

The  case  for  accustoml  ration  can  be  oversimplified  because  it 
is  sooewhat  easier  to  speak  of  gaining  experience  and  "know-how* 
from  having  lived  in  the  colder  environment  than  to  exact  rigid, 
demonstrable  physiologic  changes.  The  ease  for  aceastomizatlon 
should  be  equally,  if  not  more,  exacting  especially  where  psycho- 
logical and  educational  factors  are  implicated.  The  AGCT  scores 
In  Aptitude  Areas  1 and  III  and  the  grade  completed  in  school 
would  tend  to  support  the  concept  of  aecustonizaticn,  for  the 
Northern  White*  could  be  said  Vo  have  had  the  more  nearly  adequate 
education  and  the  greater  aptitude  for  adapting  to  colo  ;ather. 
These  factors  would  certainly  strengthen  the  behavioral  patterns 
for  living  with  the  cold  established  by  having  lived  in  the  cold 
for  the  greater  part  of  their  lives.  The  Negro,  on  the  other  hand, 
•could  be  thought  of  as  having  been  sufficiently  lower  on  the  scale 
of  education  and  aptitude  so  that  regional  differences  for  him 
were  obliterated.  The  proof  of  this  concept  is,  however,  not  this 
simple,  for  sijyiificant  differences  would  be  expected  among  those 
factors  stemming  directly  from  education,  orientation,  training, 
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greater  aptitude  and  its  corollary  better  receptivity.  There 
would  be  expected  differences  in  the  adequacy  of  bootgear-sock- 
gear  combinations  worn  and  the  frequency  of  change  of  socks  and 
insoles.  The  soldier  act  stoned  to  living  with  cold  would  be 
expected  to  have  been  more  actively  engaged  in  moving  his  legs 
ar.d  arms  whenever  the  situation  permitted*  could  be  expected  to 
have  carried  extra  footwear  for  changing  at  every  opportunity 
and  would  more  frequently  have  had  dry  feet  and  hands.  Ko  dif- 
ferences between  regions  were  elicited  for  any  of  these  factors 
(Table  12).  This  relative  lack  of  confirmatory  evidence  for  the 
accustocization  hypothesis  does  not  negate  it.  however,  for  Other 
less  measurable  factors  in  the  psychosocial  category  might,  if 
data  wore  available,  support  the  hypothesis.  These  factors  are 
the  ones  alluded  to  in  the  discussion  on  differences  in  racial 
attack  ratci  ar.d  include,  among  ethers,  factors  of  morale  and  self- 
uisvlplins  as  well  as  the  early  home  environment  and  behavioral 
patterns.  As  an  example,  it  is  conceivable  ar.d  even  highly  probable 
that  a soldier  raised  in  a warm  climate  could  for  psychological 
reasons  te  at  a lover  level  of  morale  when  thrust  into  combat  in 
a cold  environment. 

To  this  point,  though  acclimatization  cannot  te  rejected  as  a 
tiuic  or  contributory  cause  for  the  regional  differences  in  frost- 
bite rat.es  among  '/.bite  soldiers,  the  hypothesis  of  3C customization 
appears  to  bo  a more  likely  one.  nevertheless  the  differences  in 
regional  attack  rates  were  highly  si griflcar.t.  Irrespective  of 
the  underlying  cause  or  causes  which  this  study  failed  to  demonstrate 
conclusively,  the  Southern  White  soldier  was  at  greater  risk  of 
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attack  by  frostbite  than  the  Rorthem  White.  The  practical 
military  implication  of  this  finding  was  Identical  to  that 
described  for  the  racial  difference.  Bnphaais  on  training  and 
orientation  is  reiterated  and  the  recognition  by  unit  cocnaanders 
of  these  "special  risk”  groups  should  be  part  of  the  comand 
responsibility. 
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4}  Though  no  relationship  between  temperature  and  severity 
Of  injury  could  be  established,  hand  cases  seemed  to 
require,  on  the  average,  5 degrees  (F.)  lower  tempera- 
ture exposure  than  did  foot  cases. 

5)  The  mean  duration  of  exposure  was  10  hours,  hut  varied 
with  the  specific  type  of  activity. 

6)  An  attempt  was  made  to  establish  a gradient  of  injury 
according  to  an  exposure-index  principle  utilizing  the 
product  of  temperature  and  duration  of  exposure.  Trends 
were  noted  for  a direct  relationship  between  degree  of 
injury  and  exposure-index.  Its  shortcomings  were  dis- 
cussed, but  the  technique  was  rcccrcended  for  future 
studies  with  more  nearly  adequate  classification  of 
severity  of  injury. 

7)  Although  condition  of  the  ground  did  not  play  a major  role 
in  the  incidence  of  frostbite  it  did  affect  the  severity 
of  injury  of  the  feet.  Vet  ground  was  significantly 
associated  with  higher  degrees  of  injury.  Ground  con- 
dition did  not  affect  the  severity  of  hand  cases. 

8)  The  relationship  between  cor.bat  activity  and  frostbite 
incidence  was  ranked  by  other  environmental  factors  on 
a regimental  basis,  but  became  apparent  when  case- 
exposure  rates  were  calculated: 

a)  Troops  in  reserve  had  2.3  cases  per  ICO, 000  man- 
days  of  exposure. 
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b)  Line  troops  in  static  defense  showed  9 eases 
per  100,000  can-days  of  exposure. 

c)  Line  troops  in  active  defense  experienced  43.2 
cases  per  100,000  man-days  of  exposure.  (This 
included  the  partial  rffect  of  Inadequate  boot- 
gear.) 

9)  Although  both  cases  and  bunker-mate  controls  were  exposed 
to  similar  environmental  factors  including  specific  micro- 
activity such  as  innoblllzlng  enemy  action,  the  eases 
showed  markedly  less  muscular  movement  than  did  the  con- 
trols. 

10)  Most  cases  of  frostbite  occurred  tdjlle  troops  were  engaged 
in  an  activity  on  top  of  the  ground  such  as  patrolling  or 
standing  guard. 

11)  In  a sample  of  275  frostbite  cases  distributed  similarly 
to  the  total  case  load  In  regard  to  division,  date  of 
injury  and  race,  body  clothing  was  found  relatively  adequate. 
Injured  part  specific  comparisons  revealed  relative  Inade- 
quacies in  hand-gear  among  hand  cases,  boot  gear  wton.g  foot 
cases  and  headgear  among  ear  cases. 

12)  Allhou  'h  the  absolute  nurber  of  frostbite  cases  of  the 
feet  occurring  in  shsepacs  was  greater,  calculations  equal- 
izing exjosuro  revealed  the  leather  combat  boot  to  be  core 
conducive  to  injury  and  core  frequently  leading  to  greater 
severity  of  injury. 

13)  The  following  bootgear-sockgrar  combinations  were  apparently 
inadequate  In  insulatlr. : power  for  the  climatic  conditions 
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arid  led  to  a significantly  greater  rac.be r of  frost- 
bite ease st 

a)  A single  pair  of  cushion  sole  socks  in  leather 


b)  A single  pair  of  cushion  sole  socks  in  shoepacs. 

1A)  Bootgcar-sockgcar  combinations  found  to  be  constrictive 
and  presumably  conducive  to  frostbite  Mere: 

a)  Two  pair  cushion  sole  socks  in  leather  boots. 

b)  One  pair  ski  socks  in  leather  boots. 

15)  Combat  troops  frequently  failed  to  carry  erftra  footwear 

(socks  and  insoles)  for  changing  whenever  the  situation 

pcraltted.  Of  252  cases  in  situations  permitting  sock 
, • 

and  insole  change,  only  77jC  carried  this  extra  footwear; 
whereas  of  21A  controls  in  similar  situations,  ?2l 
carried  extra  footwear. 

16)  Hand  cases  revealed  a significant  excess  wearing  either 
no  handgear  or  incomplete  ensembles  at  the  tire  of  injury. 

17)  Although  the  insulated  rubber  combat  boot  did  not  com- 
pletely prevent  frostbite  of  the  feet,  it  did  cause  a 
significant  reduction  in  the  incidence  of  cold  Injury 
during  the  winter  of  1951— .*2. 

13)  The  eases  wearing  leather  combat  boots  showed  a relatively 
highor  incidence  of  wet  feet  fras  external  water  than  did 
controls,  the  shoepacs  similarly  permitted  entry  of  ex- 
ternal vator  through  the  top  and  through  tears  with  re- 
sulting loss  of  insulation.  Severity  of  injur;-  was  greater 
In  eases  wet  with  external  liquids. 
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19}  Inadequate  insole  change  contributed  significantly  to 
frostbite  incidence  in  troop:  wearing  shoepacs.  Change 
of  socks,  though  significantly  inadequate,  was  not  a major 
factor  contributing  to  incidence. 

SO)  Rank  was  an  obvious  factor  in  frostbite  incidence  and  re- 
flected the  occupational  selectivity  of  cold  injury  for 
the  front-line  rifleman.  The  calculated  rate  among 
sergeants  at  identical  risk  was  4.2  per  1,000  as  compared 
to  13.0  per  1,000  for  privates  .and  corporals.  Evidence  was 
presented  to  indicate  that  eltaents  of  leadership  nay  have 
operated  in  the  sore  favorable  attack  rate  among  sergeants 
as  compared  to  the  lower  risks. 

21)  Previous  cold  injury  was  incontrovortibly  shown  to  predis- 
pose to  frostbit*.  The  attack  rate  ar.ong  soldiers  not 
previously  cold  injured  was  2.6  per  1,000  cat.  pa  red  to  5.0 
per  1,000  for  soldiers  previously  cold  injured. 

22)  Evidence  was  presented  that  fatigue  played  a contributory 
role  to  the  ineldenco  of  frostbite. 

23)  The  use  of  tobacco  showed  no  relationship  to  frostbite. 
Actually  the  eases  snoked  significantly  lesser  amounts 
than  their  bunker-cuate  controls. 

24)  Sene  evidence  was  presented  that  the  frostbite  case  tended 
to  be  a bradycardie  individual.  His  mean  pulse  rate  was 
7S.3  per  minute  cev.pared  to  86.8  per  ninute  for  the  con- 
trols. 

25)  The  frostbite  cases  tended  to  have  significantly  lower 
A-JCT  scores  (neon  score  Area  I “ 0O.’>)  than  did  the  con- 
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trol*  (mm  score  Area  I ■ 90.7)  indicating  the  possible 
role  of  education,  aptitude  and  skill  in  minimizing  the 
. * risk  from  frostbite  although  the  needs  beyond  primitive 
intelligence  were  not  clear. 

26)  Collateral  evidence  .was  demonstrated  to  strengthen  the  im- 
pressions fros  the  nouropsychlatric  study  that  the  frost- 
bite case  tended  to  be  a passive,  negativistic,  hypochon- 
driacal individual.  This  evidence  Included  the  factors 

of  less  tmaeular  activity  in  situations  permitting  greater 
activity  as  demonstrated  by  the  controls,  relative  in- 
attention to  carrying  extra  footwear  and  less  smoking. 

27)  The  Negro  was  proven  to  be  significantly  at  greater  risk 
of  attack  by  frostbit*  (six  tir.es)  with  all  environmental 
conditions  equalized.  At  the  regimental  level  his  rate  was 
35-9  per  1,000  compared  to  5*8  per  1,000  for  the  White 
soldier.  Begrocs  shoved  sore  severe  Injuries  than  Whites. 
Differences  in  tissue  susceptibility  were  neither  proven 
nor  disproren,  but  evidence  was  found  to  indicate  that 
lower  aptitude  and  knowledge  say  have  played  a role  in  the 
greater  3egro  attack  rate. 

28)  The  climatic  region  of  origin  of  the  soldier  was  shown  to 
be  a highly  significant  factor  among  White  troops  in  the 
incidence  of  frostbite.  Origin  frem  the  varr.tr  climates 
of  the  United  States  (or  Hawaii  and  Puerto  iUco)  predis- 
posed to  frostbite.  The  role  of  acclimatization  and 
aecustcci cation  was  discussed  and  more  evidence  for  accus- 
tonizatioa  scored  to  be  present. 
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29)  The  racial  factor  so  outweighed  the  climatic  region 
factor  as  to  obscure  the  latter  ar.onj  Eejroes. 

xi.  :t;jO!i'.:-CTATio:.’3  ro?.  pimmo;:  • 

The  following  recarrcndntSons  are  presented  as  hirfi  lights  or 
new  items  of  prevention  rather  than  a comprehensive  listing  of  all 
measures  previously  known  or  rec0r7r.er.ded : 

1)  ‘.leather  consciousness  is  a sir.e  q.ia  non  In  the  prevention 
of  cold  injuries.  Each  unit  should  take  an  active  part  in 
local  weather  observations  ar.d  predictions  so  that  its 
practical  application  to  *hj  proper  wearing  of  elothin.*  ar.d 
length  of  exposure  within  the  limits  rf  military  expediency 

. may  be  realised. 

2)  Immobilisation  is  a major  factor  contributing  to  cold  in- 
jury. Troop,  should  be  impressed  with  the  need  for  cuscular 
rovercent  to  the  fullest  extent  which  the  cccbat  situation 
permits. 

3)  The  wearing  of  items  of  body  clcthir..*  should  fee  predicated 
upon  the  existing  or  predicted  weather  conditions  rather  -ban 
or.  the  basis  of  army-wide  directives  relating  to  seasons. 

/»)  Front-line  units  should  be  equipped  with  properly  f.»-cd 
r.ew  insulated  rubber  boots  for  winter  ccr.hat  whenever 
p-Oftsiblc.  Cognisance  should,  he  waver,  be  tahen  of  the 
several  shortcomings  of  the  boot  described  tn  other  sec-ions 
of  this  report  ar.d  even  greater  attention  paid  to  foot 
hygiene  while  wearing  the  boot. 

p)  Greater  attention  should  be  paid  to  proper  ioct.:ear-30Cf.,;ear 
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combinations  to  avoid  either  inadequate  insulation 
or  constriction* 

6)  Extra,  footwear  should  be  carried  at  all  tines  so  that  the 
soldier  nay  take  advantage  of  *117  opportunity  for  change 
and  not  be  guided  blindly  by  "daily  change"  directives* 

7)  Daily  inspection  of  the  feet  by  the  squad  leader  to  include 
boot  and  soskgear  adequacy  should  be  mandatory  and  unit 
Menanders  should  require  verbal  reports-  of  such  inspections. 

8)  Hand  wear  should  be  fastened  by  neck  cords  to  prevent  loss 
and  extra  shells  provided  in  addition  to  the  usual  extra 
inserts. 

9)  Cold  weather  orientation  and  training  should  be  extended 
into  the  coabat  theater  and  sinple  educational  techniques 
of  a public  health  nature  employed  to  keep  both  the  problem 
and  its  prevention  before  the  troops  at  all  times*  Repeti- 
tion is  essential* 

10)  The  "special  riok"  groups  ("egroes  and  White  troops  from 
Southern  clin.tic  regions)  should  be  given  greater  attention 
in  orientation,  winter  combat  training,  teaching  of  foot 
hygiene  and  in  inspection.  Unit  cennandera  should  recognize 
that,  to  retain  these  groups  as  effective  rifle  power  in 
the  line,  personal  attention  to  preventive  measures  among 
them  will  be  necessary. 

11)  Since  previously  cold  injured  soldiers  are  at  twice  the 
risk  of  attack  by  cold,  such  cases  should  not  be  returned 
to  .situations  in  which  exposure  risk  is  great. 
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12)  Cold  Injury  Control  Officers  with  full  frecdot  of  in- 
vestigation and  report  should  be  stationod  with  each  unit 
of  car.pany  sise  or  larger.-  Theso  officers  should,  in 
addition  to  their  indoctrinational  duties  in  training  and 
orientation,  advise  on  correction  of  irregularities  of 
ahpply  and  utilization  of  gear  in  tactical  operations. 

13)  As  ccrcbat  conditions  perriit,  waro-np  facilities  should 
be  extensively  used. 

It)  Every  opportunity  for  rest  back  of  the  lines  should  be 
provided  as  battle  activity  permits.  Evidence  exists 
that  soc.c  soldiers  did-  not  avail  thecsclves  of  trips  to 
showers  which  afforded  ar.  opportunity  for  brief  rest. 

xii.  as  x:rr  ratio's,  fid  nT.iy.Mt  sttoy 

1.  Further  epidemiologic  field  sttiJi.es  of  cold  injury  should  be 
undertaken  to  provide  additional  quantitative  data,  especially  on  un- 
resolved problcos. 

2.  Kuitiple  factor  analysis  shciild  be  applied  to  such  data  to 
derl”e  relative  weights  of  irr.portanco  of  the  several  factors  involved 
ir.  cold  injury. 

3.  Correlation  ncasurijr.ents  for  t-rp orature  and  incidence  data 
should  be  extended  to  the  several  types  os'  ecr.bat  situations. 

A.  fhe  relationship  between  t«r..jtra‘.ure  and  di:ration  of  exposure 
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total  impressions. 

7*  Psychological  tests  of  morale  should  be  devised  and  applied 
to  survey  groups  to  determine  the  relationship  of  this  attribute  to 
cold  injury  incidence. 

6.  To  assess  the  role  of  cold  weather  orientation  and  training, 
this  type  of  instruction  should  be  entered  on  the  soldier's  service 
record  by  date  and  quantity  of  hours. 

9.  Pre-exposure  studies,  if  repeated,  should  be  on  a much  larger 
scale  and  should  include,  for  example,  reliable  tests  of  nsaoolor 
stability. 

10.  The  neuropsychiatric  aspects  of  the  cold  injury  problems  are 
provocative  and  should  be  explored  further.  Psychological  testing  and 
psychiatric  examination  of  an  adequate  sample  of  cases  and  controls 
should  be  executed  with  the  concept  of  a "cold-susceptible  perscnality- 
ecr.plcx"  in  mind. 

11.  The  inquiry  into  the  w/lerlying  factors  in  the  racial  and 
climatic  region  of  origin  differences  in  attack  rates  should  be  extended 
to  the  psychosocial  factors  so  that  finite  preventive  or  selective 
actions  may  be  taken. 

12.  If  conditions  permit,  these  studies  should  be  extended  to 
other  United  rations  units  to  cli  :it  differences  from  United  States 
troops.  Such  a study  is  always  fraught  with  difficulties  of  language 
ar.d  culture  but  may  provide  the  reference  points  of  departure  in  such 
factors  as  training,  hygiene,  morale  and  aecustamization. 
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APPENDIX  TABLE  1 

DAILY  INCIDENCE  OF  FROSTBITE,  AVERAGE  THKPERATURRS, 
MMIMUH  TEMPERATURES  AND  AVERAGE  WINDCHILL 
KOREA,  1951-52 


21 

Nov  *51 

22 

No» 

23 

Nov 

2A 

Not 

25 

Not 

25 

Not 

27 

Not 

28 

Not 

29 

Not 

30 

Not 

Number 

Average 

Minimum 

Average 

of  cases 

Teanerature 

Teanerature 

Wlndchlll 

<y) 

(xi> 

(Xj) 

(x3) 
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sffsfrsaws 

KCHEAf  1*C/K^BSR  1951 


3 Nov.  *1  10  »o».  5ljn«oy-  51 


Ut.  Civ.  DiV’  - . 
" ith  Rep. 

7th  Rep. 

8th  Reg. 

SunSoft  . 
1 -,l  Mat.-  Pi'/-  . . 
2nd  Inf.  Dtv*  -L 
Vth  Reg. 

23rd  Reg* 
ytth  Reg. 
Sii^rort 

hr.l  Inf . Utv»~ 
7th  Reg. 
15th  Reg. 
65th  Reg. 
Surnort 

?th  Inf.  DLv.  -•] 
17th  Hep.  j 
3l3t  Reg. 
32nd  R»g. 
S-r'-ort 

~~?Uh  lnr~.~tHvT 
““  5th  Reg. 
19th  Rep. 
21r.t  Rep. 
S<>-roct_ 
~ :?« t.h  Inf.  :ny7 
14th  Reg. 
27th  Reg. 
35-.h  Rep. 
Pu^nort 
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WEEKLY  COLD  INJURY  RATE  (PER  1000  PER  ANNUM)  FOR  DIVISIONS, 

REGIMENTS  AND  SUPPORT  ELEMENTS,  UNITED  STATES  EICHTH  ARMY 
KOREA,  DECT!  HER  1951 
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VEEXir  COLD  INJURY  RATS  (FES  1000  PER  ANNUM)  FOR  DIVISIONS, 
REGIMENTS  AND  SUPPORT  ELEMENTS,  UNITED  STATES  EIGHTH  ARMY 
KOREA,  JANUARY  1952 


S Jin.  52  1 12  Jan.  52  ] 19  Jan.  52  I 26  Jan.  52 


1st  Ka 


IM2SSSUWJ 


9th  Rag. 
23rd  Reg. 
38th  Reg. 

Support 


17th  Reg. 
31st  Reg. 
?2nd  Reg. 
Suorort 


m5SEtGBB331 


3th  Reg. 
19th  Reg. 
21st  Reg. 
Support 


17Sth  Reg. 
180th  Reg. 
279th  Reg. 
Support 
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WEEKLY  COLD  L’UURY  RATE  (PER  1000  PER  AJKIM)  FOR  DIVISIONS, 
RECD3UTS  AND  SUPPORT  ELS'ETTS,  UNITED  STATES  EIGHTH  ARMY 
KOREA,  MARCH  1952 


1 Mar.  5218  Ear.  52115  Ear.  52122  Har.  52129  Kar.  52 


9th  Keg. 
23rd  Reg. 
38th  Reg. 

Sunt'ort 


7th  Reg. 
15th  Reg. 
65th  Reg. 

Suncort 


17th  Reg. 
31st  Reg. 
32nd  Reg. 
Sunnort 


5th  Reg. 
19th  Reg. 
21st  Reg. 

Suncort 


14th  Reg. 
27th  Reg. 
35th  Reg. 
Suorort 


160th  Reg. 
223rd  Reg. 
224th  Reg. 
5uncort 


179th  Seg. 
180th  Reg. 
277th  Reg. 
Su’’<jort 


Ml  sc.  Eighth 
Arr.v  Units 
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BONTKLT  NON-BATTLE  INJURY  RATES  (EXCLUSIVE  OF  COLD  INJURIES)  FOE 
DIVISIONS,  REGHE.TS  AND  SUPPORT  EUM3JTS,  UNITED  STATES  EIGHTH  ARKT 
KOREA,  1951-52 


Rate  ner  10W  ner  Annua 


Unit 

3e=t._ 

Oct. 

L Nov. 

LESSa- 

Jan. 

Feb. 

Karch 

1st  Cav.  Div. 

55.8 

lic.l 

1 110.9  * 46.0 

• 

• 

5th  Reg. 

44. A 

113*1 

124.0 

- 

- 

7th  Reg. 

185.0 

209.6 

104.4 

77.1 

• 

• 

- . . 

8th  Reg. 

95.6 

63.6 

103.4 

71.8 

- 

• 

- 

Sunrort 

79.1 

__  95-7 

110.7 

• 

- 

• 

1st  Mar.  Div. 

80.0 

81.0 

7L.0 

• 

2nd  Inf.  LHv. 

-1514. 

1~4.4 

120.0 

107.2 

127.? 

118.5 

10.1.1 

9th  Reg. 

as6.o 

332.5 

265.5 

173.8 

101.6 

150.2 

118.7 

23rd  Reg. 

194.5 

204.3 

108.8 

111.9 

330.0 

46.7 

130.4 

36th  Reg. 

134.4 

129.2 

130.7 

69.8 

150.7 

177.2 

99.0 

Sunnort 

69.7 

31*2 

68. Q 

92.2 

60.1 

107.1 

.85-0 

3rd  Inf.  Div. 

129.6 

.131-Q 

130.8 

135.7 

H0.6 

95.0 

79-6 

7th  Reg. 

179.4 

225.O 

27o.5 

176.5 

113-8 

125.2 

15th  Reg. 

146.8 

132.2 

- 

97.7 

104.5 

98.9 

91.6 

65th  Reg. 

182.1 

172.5 

- 

244.8 

176.9 

136.5 

81.2 

Suooort 

77.3 

79.8 

- 

44.7 

41.6 

64.1 

52.5 

7th  Inf.  Div. 

119.0 

1C9.2 

J5UT1 

201.3 

130.7 

\2hmU 

103.2 

17th  Reg. 

120.7 

£3.1 

146.8 

319.1 

90.5 

1C0.8 

96.4 

31st  Reg. 

133.1 

153.6 

241.9 

193.4 

151.6 

139-9 

82.9 

32nd  Reg. 

183.9 

99.8 

232.7 

253.3 

195.7 

18 1.6 

161.2 

Suooort 

83.1 

1C2.4 

78.6 

120.9 

1C4.4 

102.2 

88.9 

24th  Jnf.  Civ. 

ICO.  5 

!'?  .9 

136^ 

110.4 

~?7-2 

- 

1 - 

5th  Reg. 

73.9 

222.7 

193.6 

2(71.3 

27.6 

- 

- 

19th  Reg. 

166.9 

213.9 

297.9 

129.3 

87.8 

— 

- 

21st  Reg. 

142.4 

161.6 

119.5 

152.6 

124.1 

- 

- 

Suooort 

67.5 

V ij2_ 

81.9 

59.0 

- 

. - 

- 

25th  Inf.  Div. 

112.6 

-iZzl 

123. _2 

1 63.5 

83.8 

130.0 

123.4 

14th  Reg. 

7snr 

152.5 

181.6 

124.1 

113*7 

142.5 

115.1 

27th  Reg. 

U5.7 

145.5 

142.1 

193.5 

50.0 

43.0 

39.1 

35th  Reg. 

1.0  4.7 

149.7 

158.3 

97.3 

42.4 

H5.5 

196.9 

Suooort 

34.9 

123.8 

127.9 

164.8 

111.7 

H?.? 

134.1 

AOth  Inf.  Div. 

- 

- 

112.7 

115.8 

j lfiOth  Reg. 

' • 

~ 

• 

69.5 

156.8 

155.7 

223rd  Re  ,. 

- 

- 

- 

- 

193.1 

244.1 

102.0 

224th  ”.;g. 

— 

• 

- 

- 

90.3 

155.3 

Sue-ort 

— 

- 

_ 

- 

160.2 

116.4 

89.4 

A5th  Inf.  Div. 

- 

- 

- 

15.7 

15J.0 

J Sal 

91.2 

179th  R eg. 

- 

W 

- 

3-3 

229.1 

273.6 

132.7 

180th  Reg. 

- 

- 

- 

66.0 

181.7 

196.4 

88.3 

279th  Reg. 

- 

- 

- 

- 

91.4 

208.5 

75.7 

S-jo-ort 

- 

- 

- 

1.1 

1H.7 

133.8 

-72JL- 

Hisc.  Eighth 
Annv  Units 

' 101.9 

31.0 

70.9 

100.2 

83.4 

33.7 

107.7 

Total 

110.6 

105.2 

101.6 

113.6 

58.8 

31.2 

105.4 

RESTRICTED 
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APPENDH  TABLE  A* 


RESTRICTED 

Swattf  WtraiMa 


COMPARISON  OP  DIVISION  DISTRIBUTION  OP  A SAMPLE  0?  275  C;SE3  OP 
FROSTBITE  SELECTED  AT  RANDOM  FOR  PURPOSES  OF  QUARTERMASTER 
SURVET  WITH  DISTRIBUTION  OF  TOTAL  CASES  OF  FROSTBITE 
KOREA,  1951-52 


Division 


Quartermaster 


w-'iiitfT 


1st  Cav. 

1st  Mar. 

2nd  Inf. 

3rd  Inf. 

7th  Inf. 

24th  Inf. 

25th  Inf. 

40th.  Inf. 

45th  Inf. 

Kise.  Eighth  Army  Units 
No  Data 


Cfci  square  - 15*50  df  ■ 10  P >.10 


APPECTIX  TABLE  4b 


100.0  I 716  I 100.1 


COMPARISON  OF  DISTRIBUTION  3T  RACE  IN  A SAMPLE"  0?  275  CASES  OF 
FROSTBITE  SELECTED  AT  RANDOM  FOR  PURPOSES  OF  QUARTERMASTER 
SURVET  WITH  DISTRIBUTION  OF  TOTAL  CASES  OF  FROSTBITE 
KOREA,  1951-52 


Quartermaster 

Samole 


: 1 «o.  1 

* 

No. 

< 

White 

169 

61.4 

417 

53.2 

Negro 

102 

37.1 

291 

40.6 

Mongolian- 

4 

1.5 

8 

1.1 

Total 

275 

100.0 

716 

99.9 

RESTRICTED 

Stott!  btinutM 


Chi  square  ■ 1.144  df  » 2 P >.50 


APPENDIX  TABLE  6* 

RELATION  OF  ACE  TO  DECREE  OF  EWUHT  AMONG  336  WRITE  CASES 
OF  FROSTBITE  OF  THE  FEET 
KOREA,  1951-52 


Aga 

last  Birthday 


Degree  ef  Ini 


(In  Tears) 

First 

Second 

Third 

Fourth 

Total 

No.  % 

No. 

% 

No.  t 

No.  % 

No.  i 

17 

2 1.3 

1 

0.9 

0 - 

0 - 

3 0.9 

IS 

12  7.5 

6 

5.6 

3 5.4 

2 14.3 

23  6.8 

19 

19  11.9 

8 

7.5 

5 8.9 

0 - 

32  9.5 

20 

17  10.7 

5 

4.7 

6 10.7 

0 - 

28  8.3 

21 

29  16.2 

18 

16.8 

9 16.1 

4 28.6 

60  17.9 

22 

24  15.1 

21 

19.6 

15  26.8 

4 23.6 

64  19.0 

23 

31  19.5 

28 

26.2 

10  17.9- 

2 14.3 

71  21.1 

2 4 

12  7.5 

9 

8.4 

3 5.4 

2 14.3 

26  7.7 

25 

6 5.0 

2 

1.9 

0 - 

0 - 

10  3.0 

26 

0 - 

4 

3.7 

2 3.6 

0 - 

6 1.9 

27 

1 0.6 

0 

- 

0 - 

0 - 

1 0.3 

28 

1 0.6 

0 

- 

0 - 

0 - 

1 0.3 

29 

1 0.6 

2 

1.9 

1 1.8 

0 - 

4 1.2 

30 

2 1.3 

2 

1.9 

0 - 

0 - 

4 1.2 

31 

0 - 

1 

0.9 

0 - 

0 - 

1 0.3 

36 

0 - 

0 

• 

1 1.8 

0 - 

1 0.3 

38 

0 - 

0 

• 

1 1.6 

0 1 

1 0.3 

Total 

159  99-8 

107  100.0 

56  100.2 

14  100.1 

336  100.0 

Kean 

1 

(In  Tears) 

21.6 

22.2 

22.2 

21.6 

21.9 

S.D. 

♦ 2.34 

♦ 2.52 

♦ 3M 

♦ 1.90  j 

♦ 2.62 

RESTRICTED 
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ARPEHDEC  TABLE  6e 

RELATION  OF  DECREE  OF  DIJUHT  TO  ACS  AMONG  56  WHITE  CASES 
OF  FBOSTBITE  OF  TIIE  HANDS  ALONE 
KOREA,  1951-52 


Last  Birthday 
(in  Tears) 

F 

irst 

Second 

Third 

Fourth 

Total 

n 

n 

m 

m 

jjj 

JC 

Ho. 

III 

wm 

IS 

if 

m 

m 

■ 

M 

0 

n 

H 

wm 

19 

0 

- 

u 

12.5 

0 

• 

0 

- 

4 

7.1 

20 

1 

5.C 

6 

19.4 

0 

• 

0 

. 

n 

12.5 

21 

2 

10;C 

6 

19.4 

0 

• 

0 

• 

n 

14.3 

22 

3 

15. C 

5 

16.1 

0 

• 

2 

50.0 

10 

17.9 

23 

4 

20. C 

5 

16.1 

0 

- 

1 

25.0 

10 

17.9 

2U 

A 

20. C 

2 

6.5 

0 

• 

1 

25.0 

12.5 

25 

1 

5.C 

0 

0.0 

0 

- 

0 

~ 

■FB 

26 

2 

10.C 

0 

0.0 

1 

100.0 

0 

~ 

BS 

27 

1 

5.C 

0 

0.0 

0 

• 

0 

- 

1.8 

28 

0 

• 

1 

3.2 

0 

- 

0 

- 

1.8 

33 

0 

• 

1 

3.2 

0 

- 

0 

- 

Bi 

1.8 

35 

1 

5.C 

0 

0 

- 

0 

- 

■9 

1.8 

Total 

20 

100.C 

D 

D 

100.0 

56 

100.2 

Kean 

(In  Tears) 

23.7 

H 

26.0 

22.8 

22.6 

S.D. 

4 

~ 

3.51 

4 

2.84 

— 

4 

1.11 

4 

3.06 

SKml|  Itfimitta 


2 
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APPENDIX  TABLE  6d 

RELATION  OF  DECREE  OF  INJURY  TO  ACE  AMONG  UU  NEGRO  CASES 
OF  FROSTBITE  OF  THE  KANOS  ALONE 
KOREA,  1951-52 


Age 

Last  Birthday  | 

(In  Years)  I First 


Dopree  of  Injur 


0 

1 12.5 

2 25.0 

1 12.5 

3 37.5 

12.5 


8 ICO. 0 27  $9-9  I 7 1100.0  2 100.0  U 99.9 


(in  Years) 


21.1  22.1  20.7  22-0  21.7 


* 1.45  ♦ 2.08  * 1.73 


♦ 1.85 


RESTRICTED 
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APPENDIX  TABLE  7a 

DISTRIBUTION  OF  704  CASES  OF  FROSTBITE  ACCORDING  TO  DIVISION  AND  RANK 
KOREA,  1951-52 


Rank 

■Eb9BH 

E 

a 

M 

El 

■EuSHH 

E 

B 

EH 

!H 

H 

H 

n 

VI 

HI 

m 

H 

Private 

Pfc. 

Col. 

spt. 

Co.  Gd.  Off. 

H 

44.0 

55.5 

1 

ra 

6 

7 

8 
3 
0 

25-0 

29.2 

33.3 

12.5 

33 

36 

19 

8 

1 

| 

1 

38.2 

39.7 

16.1 

5.5 

0.5 

Total 

D 

99.9 

10 

100.0 

24 

100.0 

97 

99.9 

199 

100.0 

Rank 

WmSsSm 

■m 

HE39H 

Blir  ,'v 

MEZnMR 

BHHI 

No.}  f. 

a 

B 

*».|  f 

U 

t 

■ 

HH 

Private 

Pfc. 

Col. 

Sgt. 

Co.  Gd.  Off. 

H 

31.6 
5 0.0 
10.5 
7-9 

19 

16 

6 

5 

0 

41.3 
34.  e 
13.0 
10.? 

10 

30 

16 

6 

1 

15.9 

47.6 

25.4 

9.5 

1.6 

39 

46 

15 

24 

1 

31.2 
36.8 
12.0 

19.2 
0.8 

19 

16 

15 

3 

2 

H 

Total 

76 

100.0 

46 

1CO.O 

63 

100.0 

125 

100.0 

55 

100.0 

RESTRICTED 
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APPENDIX  TAELS  7b 


DISTHirVTION  OF  455  EUKKSR-KATE  CONTROLS  ACCCaDlKC  TO  Dr/ISIOt:  AKD  RANK 
KOREA,  1951-52 


Private 

PfC. 

Col. 

SCt. 

Co.  Cd.  Off 


13 

22.8 

19 

11.7 

24 

42.1 

70 

43.2 

a 

14.0 

41 

25.3 

12 

21.0 

31 

19.1 

0 

- 

1 

0.6 

57 

99-9 

162 

99.9 

24th  Inf. 

25th  Inf. 

40th  Inf. 

45th  Inf. 

Rank 

Dlv. 

Div. 

. Dlv. 

Div. 

:.’o.  < 

?.'o.  r 

ho.  < 

Ko.  % 

Private 

' 6 12.8 

3 21.4 

3 5.2 

14  12.0 

Pfc. 

21  44.7 

5 ?-.? 

15  25.9 

33  28-2 

cm. 

12  25.5 

3 2i.4 

16  27.6 

33  23.2 

Sgt. 

8 17.0 

3 21.4 

22  37.9 

37  31-6 

Co.  Cd.  Off. 

0 

0 

2 3.4 

0 - 

Total 

47  100.0 

14  97.9 

58  10C.O 

117  100.0 

RESTRICTED 
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APPENDIX  TABLE  8 


DISTRIBUTION  OF  700  CASES  OF  FROSTBITE  AND  455  BUNKZMIATE  CONTROLS 
ACCORDING  TO  RANK  AND  INTSJSITr  OF  ACTIVITI  DURING  EXPOSURE 
KOREA,  1951-52 


CASES 

1 CONTROLS  i 

ACTIVm 

Croup  I 

* 

• Renke. 

Group  II 

+4 

_ Rnnk  s 

Croup  I 

• 

Ranks 

Group  II 

** 

Ranks 

Sleeoin* 

27 

3 

0 

1 

Lying,  sitting  or  kneeling 
with  no  rove-.ont 

62 

6 

33 

18 

t 

Lying,  sitting  or  kneeling 
with  little  covenant 

171 

23 

101 

39 

V 

St-rtf/in?  vi.th  no  r.ivp-nnt 

16 

3 

n 

2 

£t-r.-ii m with  little  rovt.pnt 

177 

21 

41 

5 

£ 

Subtotal 

453 

56 

166 

65 

tying,  sitting  or  kneeling 
with  considerable  cov.mnt 

15 

2 

57  _ 

15  

£ 

Standing  with  considerable 
ror.— «nt 

35 

3 

51 

12 

s 

Walking  with  infrequent 
brerks 

34 

..  5 .. 

19 

10 

-< 

Vilkir.z  with  frequent  breaks 

69 

8 

26 

14 

i 

c 

X 

Subtotal 

173 

13 

153 

51 

Total 

626 

74 

339 

116 

* Group  I Ranks  • Pvt.  thru  Corporal 
**  Group  II  Ranks  * Sgt.  thru  Field  Grade  Officer 


• .• 
r 


> 


i: 
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APPENDIX  TAELS  9 


RESTRICTED 

InritrMmMM 


DISTRIBUTION  OP  694  CASES  OF  FROSTBITE  ACCORD  ISC  TO  RACE  AND  OMIT 
KOREA,  1951-52 


White  Cases  1 Negro  Cases 


* 

Negroes 
in  Unit 


1st  Cav.  Dir. 
5th  Reg. 

7th  Reg. 

6th  Reg. 

1st  Mar.  Div. 
1st  Reg. 

5th  Reg. 
Support 
2nd  Inf.  Dir. 
9th  Reg. 
23rd  Reg. 
38th  Reg. 
Support 
3rd  Inf.  Div. 
7th  Reg. 
15th  Reg. 
65th  Reg. 
Support 
7th  Inf.  W.t. 
17th  Rag. 
31st  Reg. 
32nd  Reg. 
Support 

"24th  Inf.  Div. 
5th  Reg. 

19th  Reg. 
21st  Reg. 
Support 


25th  Inf.  Dir. 

14th  Reg. 

27th  Reg. 

35th  Reg. 

Support 

Toth  "inf.  Div. 

160th  Reg. 

223rd  Reg. 

224th  Reg. 

Support 

45th  Inf.  Div. 

179th  Reg. 

180th  Reg. 

279th  Reg. 

Support 

Misc.  Eighth  Ara 7 Units 


1 100.0 

6 85.7 

1 1 100.0 


38.2  21 

52.9  « 

65.8  13 

-iP-yO  3- 

62.9  49 

50.0  11 
50.0  19 

50.0  2 

29.4  24 

50.0  4 

. 4.2  23 

4 


1 

1 

100.0 

29 

9 _ 

10 

- JL 

34.5 

33.3 

28 

24 

85.7 

23 

22 

95-7 

6 

5 

5 

5 

83-3 

100.0 

30 

26 

86.7 

53 

43 

81.1 

18 

13 

72.2 

23 

22 

55-7 

55 

22 

40.0 

694 

409 

58.9 

6 

0 

19 

6 

100.0  10.4 

8.9 

65.5  8.6 

66.7 

4 

1 

1 

0 

14.3  6.1 
4.3  4.6 
16.7  4.9 

4 

13.3  1-5 

10 

18.9  1.6 

5 

27.8  1.5 

1 

, . 4.3. 

33 

60.0 

285 

41.1  14.1 

RESTRICTED 

bemij  Ithnutw 
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COMPARISON  OP  MEAN  AGE  AT  TIME  OF  INJURY  BETWEEN  NEGROES  AND  WHITES  •• 
FOR  FROSTBITE  CASES,  EPIDEKIQLOCIC  CONTROLS  AND  PRE-EXPOSURE  CONTROLS 
KOREA,  1951-52 


Race 

Cases 

Epidemiologic 

Controls 

Pre-Exposure 
' Controls 

a 

Mean 
Age  in 
Years 

■ 

No. 

Mean 
Age  in 
Years 

B 

No. 

Mean 
Age  In 
Years 

S.D. 

White 

Nccto 

L09 

287 

22.0 

21.6 

s 2.68 

7 2.20 

404 

37 

phi 

ESI 

m 

1301 

277 

ESI 

lift* 

♦ 2.71 
7 2.14 

TOTAL 

696 

21.8 

♦ 2.49 

441 

22.5 

♦ 2.47 

1578 

21.7 

♦ 2.62 

. 

t - 2.352 
P <-02 

t - 2.466 
P <-01 

APPENDIX  TABU  U 

CCMPARISCfJ  OF  693  CASES  AND  441  3UNKER-KATE  CONTROLS  WITH 
RESPECT  TO  RACE  AND  RANK 
KOREA,  1951-52 


Rank 

White 

Negro 1 

Cases 

Controls 

Cases- 

Controls  1 

No. 

Bo.  1 % 

No. 

? 

Private 

Pfe. 

Cpl. 

Sgt. 

Co.  Gd.  Officer 

110. 

164 

73 

54 

6 

i ■ 

27.0 

40.3 

17.9 

13-3 

1.5 

43 

143 

104 

106 

? 

10.6 

36.6 

25.7 

26.2 

0.1 

117 

no 

47 

12 

0 

40.9 

33.5 

16.4 

4.2 

14 

17 

4 

2 

0 

37.8 

45.9 
10.8 

5.4 

TOTAL 

407 

100.0 

404 

99.3 

286 

100.0 

37 

99.9 

Chi  square 

53.325 

1.330 

P 

<-001 

>.70 

White  cases  vs  Negro  cases:  Chi  square  - 29-616  df  • 4 ? <-001 


RESTATED 

W*«tf  teVnit** 


448 


i » 


restricted 

' Want;  Wamtat 


APPENDIX  TABLE  12 

DISTRIBUTION  OF  692  CASES  OF  FROSTBITE  AND  A3?  EPIDEMIOLOGIC 
CONTROLS  ACCORDING  TO  RACE  AND  LOCALE  OP  RESIDENCE 
KOREA,  1951-52 


White 

Negro 

Rural 

Urban 

Rural 

Urban 

Cases 

101 

306 

5A 

231 

Epidemiologic  Controls 

_97 

303 

1 

32 

TOTAL 

198 

609 

59 

263 

Comoarison 


Wilts  :ases  vs  Wilts 
eotrteniologlc  control  s 


Negro  cases  vs  Negro 
coidcrrdolcnlc  controls 


Vfhito  cases  vs  Negro 
cases 


White  controls  vs  Negro 
controls 


Chi  square 


-Q-Qa?- 


A-22L 


m 


1.62A 


>.80 


>.50 


>.05 


>.20 


’ t .... 

; .V 


t 


RESTTOT 


t ' 

t 

a 


t 

*. 

V 

? 

i 


j 
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APPENDIX  TABLE  13 

DISTRIBUTION  OF  683  CASES  AND  440  CONTROLS  ACCORDING  TO  BACK 
AND  LENGTH  OF  TIKE  IN  KOREA 
KOREA,  1951-52 


White  i 

Heero 

Days 

in 

Cases 

Controls 

Cases 

Controls  j 

Xorea 

No. 

f 

Ho. 

jL_ 

No. 

f 

No. 

1-30 
31-60 
61-90 
91-120 
121-150 
151-180 
181-210 
211-240 
Over  241 

73 

102 

62 

36 

36 

25 

12 

53 

2 

18.2 

25.4 

15.5 

9.0 
9-0 
6.2 

3.0 
13.2 

0.5 

80 

71 

65 

42 

12 

36 

35 

30 

32 

19.9 
17.6 
16.1 
10.4 

3.0 

8.9 
8.7 
7.4 

7.0 

32 

35 

44 

40 

35 

20 

13 

61 

2 

11-3 

12.4 

15.6 
14.2 
12.4 

7.1 

4.6 

21.6 
_oi2_ 

3 

3 

9 

3 
5 

4 
.2 
7 
1 

8.1 

8.1 

24.3 

8.1 

13-5 

10.8 

5-4 

18.9 

_2iL- 

TOTAL 

401 

100.0 

403 

99.9 

282 

99.9 

37 

99.9 

KEAN 

9 

3.7 

93-9 

120.9 

124.2 

1 

m 

♦ 69.15 

♦ 52-83 

♦ 67.88 

White  eases  vs  Negro  cases!  t • 5*779  P •‘-001 


* •*■■■*  *-** 
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APPENDIX  TABUS  14 

RACIAL  COMPARISON  OF  672  CASES  OP  FROSTBITE  AMD  U2  CONTROLS 
' WITH  RESPECT  TO  NUMBER  OF  DAYS  IN  COMBAT 
KOREA,  1951-52 


Days 

in 

Coabat 

! White 

1 Negro 

1 Cases 

1 Controls 

! Cases 

1 Controls 

No. 

f 

No. 

f 

No* 

f 

No. 

* 

0-15 

16-30 

31-45 

46-60 

61-75 

76-90 

91-105 

106-120 

121-135 

121 

89 

47 

29 

17 

16 

17 

13 

4? 

30.4 

22.4 
11.8 

7.3 

4.3 
4.0 

4.3 

3.4 
12.  J 

106. 

ll 

31 

17 

20 

19 

30 

55 

26.2 

18.0 

13.3 

7-7 

4.2 

4.9 

4.7 

7.4 

13.6 

69 

35 

18 

21 

18 

23 

15 

20 

55 

25*2 

12.8 

6.6 

7.7 

6.6 

8.4 

5.5 
7.3 

20.1 

5 

11 

4 
0 
2 

6 

3 

5 

13-5 

29-7 

10.8 

5-4 

16.2 

2.7 

8.1 

13-5 

TOTAL 

398 

ICO.  2 

405 

100.0 

274 

100.2 

37 

99-9 

KEAN  (days 

46.2 

53.0 

62.6 

58.7 

S.D. 

♦ 41.78 

♦ 43.74 

^ J»6*49 

♦ 42.54 

White  cases  rs  Negro  cases*  t ■ 4.70 4 P <.001 
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APPJMDn  TABLE  16  ' * . 

COMPARISON  OP  657  FROSTBITE  CASES,  436  EPID3U0L0CIC  CONTROLS 
AND  1547  PRE- EXPO  SURE  CONTROLS  WTTH  RESPECT  TO  RACE 
AND  HISTORY  OF  PREVIOUS  COLD  INJURY 
KOREA,  1951-52 


Previous 

Cold 

Injury 

White 

Negro  1 

Cases 

Controls* 

Cases 

Controls* 

Pre-Exp. 

Controls 

HH 

m 

■ 

% 

No.  1 t 

HI 

H 

1 

None 

Frostbite 

Trenchfoot 

Chilblains 

m 

1109 

148 

5 

n 

87.1 

11.6 

0.4 

0.9 

225 

45 

0 

0 

83.4 

16.6 

33 

0 

0 

? 

91.7 

8.3 

H 

87.6 

12.0 

0.4 

, TOTAL 

?86  100.0 

400 

H-* 

8 

L_° 

1273 

271 

100.0 

36 

Jim 

274 

Chi  square 

- 

20.652 

22.035 

- 

28.656 

df 

> 

3 

- 

2 

2 

P 

- 

<.001 

<•001 

- 

<.001 

White  cases  vs  Negro  eases:  Chi  square  - 5.413  df  » 3 P >*10 
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APPENDIX  TABLE  17 


COMPARISON  OF  706  FROSTBITE  CASES,  1*33  EPIDJHIOLOGIC  CONTROLS 
AND  1130  PRE-EXPOSURE  CONTRO' - WITH  REFERENCE  TO 
RACE  AND  HISTORY  OF  PRi. *OUS  ILLNESS 
KOREA,  1951-52 


Previous 

Illness 


White 


Cases  {controls* 


71.0 
0.7 
17.9 
2.7 
20|  5.0 
1 0.2 


Cases  Controls* 


< 


76.9  17 
1.7  1 

12.1  6 


112j  59.3 
6 

a 

3 

12 


L16  [99.9  AO3J1OO.O  J9U  99.9  290  100.0  30  100.0  189  100.0 


White  cases  vs  Negro  cases:  Chi  square  ■ 2U.L&&  df  • 7 P <.001 


*Froa  Epidemiologic  survey 

• 

• 

RESTRICTED 

itarfi  hlimie* 

RESTRICTED 
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APPENDIX  TABLE  20 

COMPARISON  OF  663  CASES  OF  FROSTBITE  AMD  439  CONTROLS  WITH  RESPECT 
TO  RACE  AND  TYPE  OF  KEAL  LAST  EATEN 
KOREA,  1951-52 


T^pe  of  Weal 

. White 

Negro I 

mm 

Coni 

rols 

' «. 

ises 

BSBBBI 

Hi 

m 

m 

n 

m 

n 

RPI 

HI 

C Ration 

HI 

40.6 

184 

45.8 

U2 

IS 

1 

16 

HHI 

B Ration 

ESDI 

CM.1 

K2ai 

■EHS 

1Q3 

■as 

9 

f!9 

mn 83 

Individual  food  racket 

5 

mwi 

■El 

n 

WEB. 

1 

0 

- 

Native  food 

l 

mn 

■o 

? 

BBS 

9 

0 

- 

Less  than  C Ration  or 
Individual  food  oaeket 

14 

HI 

IH 

m 

6 

m 

m 

m 

TOTAL 

401 

99.9 

402 

100.1 

282 

100.0 

37 

99.9 

Whits  cases  to  Negro  cases:  Chi  square  - 4.621  df  » 4 P >.30 
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APPENDIX  TABLE  22 


COMPARISON  OP  559  CASES  OF  FROSTBITE  OF  THE  FEET  AND  443  CONTROLS 
WITH  RESFECT  TO  RACE  AND  EXTRA  FOOTWEAR  CARRIED  AT  THE  TIME  OP  INJURY 
KOREA,  1951-52 


White  cases  ys  Negro  cases:  Chi  square  ■ 1.420  df  • 4 P >.80 
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APPBJDIX  TABLE  24 

RACIAL  COMPARISON  OP  AVERAGE  CHAXE  OF  INSOLES  ARONG  260  CASES 
OF  FROSTBITE  AID  219  CONTROLS  WEARING  SHGEPACS 
KOREA.  1951-52  . 


RESTRICTED 

{•anti  III  INM 
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APPENDIX  TABLE  25 


RACIAL  COMPARISON  OF  INTERVAL  SINCE  LAST  CHANGE  OP  SOCKS  BEFORE  INJURT 
AMONG  565*  CASES  OF  FROSTBITE  OF  THE  FEET  AND  445  CONTROLS 
KOREA,  1951-52 


Last  Change  of 
socks  Before 
Injury 

rz 

Witte 

r 

Negro 

zzi 

Cases 

[ Controls 

! Cases 

1 Cbntrols  1 

No. 

No^_ 

No. 

Ro. 

_g_ 

Less  than  one  day 

219 

, , 
66.2 

235 

57.6 

142 

60.7 

18 

48.6 

1-2  days 

78 

23.6 

129 

31.6 

57 

24.4 

15 

40.5 

2-3  days 

13 

3.9 

30 

7.4 

17 

7-3 

3 

8.1 

3-4  days 

11 

3.3 

8 

2.0 

4 

1.7 

1 

2.7 

4-5  days 

0 

- 

1 

0.2 

2 

0.9 

0 

• 

Over  5 days 

10 

3.0 

h 

1.2 

12 

?•! 

0 

— 

TOTAL 

33! 

100.0 

408 

100.0 

234 

100.1 

37 

99.9 

KEAN 

1.06 

1.09 

1.23 

S.D. 

♦ 1.0621 

♦ 0.8861 

♦ 1.2541 

♦.  0.7431 

White  eases  vs  Negro  cases:  t • 1.692  P >.05 
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Sietritj  KnM 
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V ..V-W  • ••.  . 

*-  V . - 


Condition  of  Feet 

White 

Cases 

Negro 

Cases 

Totals 

No. 

No._ 

g 

ro^ 

f 

Dry  1 

12.5 

1 

12.5 

2 

12.5 

Wet  fro®  sweat  7 

87.5 

7 

87.5 

14 

87.5 

Wet  from  snow  and  mud  0 

- 

0 

- 

0 

- 

Wet.  from  wad  in?  in  water  0 

0 

- 

0 

- 

TOTAL  8 

100.0 

8 

100.0 

16 

100.0 

RESTRICTED 

Storrtf  Ithmitm 


V . ..  ' / v ./  " " /.  • ••  " 


•» «•  * * m\  'fy** 
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APPENDIX  TABLE  34 

RACIAL  COMPARISON  OF  ACTIVITY  AT  TIKE  OF  INJURY  AMONG 
666  CASES  OF  FROSTBITE  AND  441  BUNXEP  -MATE  CONTROLS 
KOHEA,  1951-52 


r 

White 

r 

Heero 

1 

Activity 

Cases 

Controls 

Cases 

Controls  1 

Ho. 

f 

No. 

<* 

HP.*. 

* 

No. 

* 

Sleeping 

12 

3.0 

1 

0.2 

17 

6.0 

0 

lying,  kneeling,  or  sitting  - 
no  moveosnt 

41 

10.2 

48 

11.9 

27 

9.5 

2 

5.4 

lying,  kneeling,  or  sitting  - 
little  covecent 

116 

28.9 

129 

31.9 

76 

26.8 

6 

16.2 

lying,  kneeling,  or  sitting  - 
considerable  novecent 

7 

1.7 

60 

14.9 

9 

3.2 

9 

24.3 

Standing  with  no  coveuont 

9 

2.2 

9 

2.2 

10 

3.5 

3 

8.1 

Standing  with  little  novoment 

117 

29.1 

37 

9.2 

79 

27.8 

8 

216 

Standing  with  considerable 
cwvent’nt 

19 

4.7 

58 

14  *H 

18 

6.3 

3 

8.1 

Walking  with  infrequent 
breaks 

7.5 

1 

24 

8.5 

IfW 

Walking  with  frequent  breaks 

■51 

12.7 

Kiri 

El 

8.5 

BH 

TOTAL 

402 

100.0 

404 

100.1 

284 

100.1 

37 

99.9 

White  cases  vs  Negro  cas.  s:  Chi  square  - 10.170  df  » 8 P >.20 
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APPENDIX  TABLE  35 


restricted 

■ iwttj  taimto 

COMPARISON  OF  DURATION  OF  EXPOSURE  FOR  358 
WHITE  A1!D  260  !33C-RO  CASES  OF  FROSTBITE 
KOREA,  1951-52 


Duration  of  Exposure 
in  Hours 

White 

Nerro 

Mo. 

% 

No. 

JO 

0-4 

140 

39-1 

114 

hi. 8 

4-1-8 

99 

27.7 

74 

28.5 

8.1-12 

64 

17.9 

41 

15.8 

12.1-16 

31 

8.7 

15 

5.8 

16.1-20 

S 

2.2 

2 

0.8 

20.1-24 

16 

4.5 

14 

. 5.4 

TOTAL 

358 

100.1 

260 

100.1 

MEAN  (Hours) 

6.S 

6.3 

JS.  D* 

♦ 5.35 

. 

t 5.30 

t - 1.246  P >.20 


APPENDIX  TABLE  36 

RACIAL  COMPARISON  OF  PERSONAL  HYGIENE 
AI-'ON'G  1556  PRE-EXPOSURE  CONTROLS 
KOREA,  1951-52 


Personal 

Hygiene 

White 

Mer.ro 

'.’o* 

% 

No. 

% 

Excellent 

208 

16.2 

14 

5.1 

Good 

943 

74.0 

203 

73-8 

Poor 

125 

9,8 

58 

21.1 

TOTAL 

1281 

100.0 

275 

100.0 

Chi  square  - 43-905  df  - 2 P <.001 
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APPEJDIX  TABLE  37 

HEAK  SCHOOL  GRADE  CCfTlETED  BT  114  FROSTBITE  CASES 
AJ2J  1343  PRE-EXPOSURE  COirTEOLS  ACCORDItS  TO  RACE 
KOREA,  1951-52 


WmSm\ 


49  i 10.7 
10.2 


ll!£l 


0.911 1 >.30 

1.166  I >.20 


APF325IX  TABLE  38 

COKPARISCK  OP  266  rSGiJO  CASES  OF  FROSTBITE 
AJffl  37  IIEGRO  EPIDEiaOLCCIC  CGI.TEOLS  WITH 
RESPECT  TO  REGIO::  OF  ORIGIU 
KOREA,  1951-52 


Region 

Eegro 

■ of 

Ifcgro 

Epidemiologic 

Total 

Oriein 

Cares 

Controls 

Northern 

24 

1 

25 

Southern 

262  (264 

16 

298 

TOTAL 

266 

37 

323 

Chi  square 

- 1.485  P >.20 

RSSTSCTS) 

Wnnij  tifmotw 


APP 2BU  TABLE  39 


RESTRICTED 

Imntj  Undo 


CCUPAIUSOi;  OF  236  [ECHO  CASES  OF  FHOSTMTS 

*:m  1%  narao  pre-exposure  controls  wta 

RESPECT  TO  REGIOIl  OF  OR1G1K 
KOREA,  1951-52 


Region 

of 

Origin 

tlegro 

Cases 

tlegro 

Pre -Exposure 
Controls 

Ilortham 

mm 

12 

wn 

Southern 

184 

■*$9 

TOTAL 

236 

196 

Chi  square 

0.867  P >.50 

APPEISIX  TABLE  AO 


ixmaioc:;  of  40a  white  cases  of  frostbite 

Aim  404  WHITE  EPIDEKICLCGlu  CONTROLS  WITH 
RESPECT  TO  32GIOK  OF  ORICIH 
KOREA,  1951-52 


Ml 

White 

Epidcniologic 

Controls 

B 

.‘.orthem 

MM 

154 

El 

Southern 

250 

H 

TOTAL 

408 

404 

SL2 

Chi  square 

9.992  P <.01 

RESTRICTED 

S*»rtj  talmutm 
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RESTRICTED 
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APPEND  II  TABLE  U 


COMPARISON  OF  408  WHITE  CASES  OF  FROSTBITE 
A.’©  1146  WHITE  PRE-EXPOSURE  CONTROLS  WITH 
RESPECT  TO  REGION*  OF  ORIGIH 
KOREA,  1951-52 


APPENDIX  TABLE  42 


COMPARISON  OF  U3  NORTHERN  WHITE  CASES  OF 
FROSTBITE  WITH  152  HOP.TIERM  W!CTE  CONTROLS 
IH  REGARD  TO  LOCALE  OF  RESIDENCE 
KOREA,  1951-52 


RESTTilCTED 

JmnfrWiruM 


472 


RESTRICTED 

{Kant*  Wmatw 


APP21.UIX  TABLE  1»3 

CGKPARISO’:  Of  2%  SOUTHS®  SUITE  CASES  OP 
FROSTBITE  ‘./I Til  2u8  SOOTHES.’!  WHITE  COLTfiDLS 
111  33SAB0  TO  LOCALE  OF  RESIDE11C2 
KOREA,  1951-52 


Race  and  Sc£lon 
of  Origin 

Tvne  of  Residence 

Sural 

Urb3n 

White  South  Cases 

83 

211 

White  South  Controls 

58  

m 

TOTAL 

1^1 

LOl 

Chi  square  " 1.6*0  P >.20 

APPENDIX  TABLE  UU 

catPARix::  of  261  souths®  negro  cases  of 
FROSTBITE  WITH  36  SOUTHS®  NEGRO  COKTRGLS 
l;;  ,'COARD  TO  LOCALE  OF  RE3IDS11CE 
KOREA,  1951-52 


Sace  and  SeGi°n 
of  Origin 

Tvre  of  B 

1 

esider.ce 

Rural 

Urban 

!>£ro  South  Cases 

% 

207 

5 

31 

TOTAL 

59 

23S 

Chi  square  « 0.5^i3  P >.30 

FiESiniCTEO 

tewitj  mir»»tw» 
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APPENDIX  TABUS  45 


mmm 


COMPARISON  OF  DECREE  OF  IHJURT  TO 
LOCALE  OF  RESIDENCE  AMONG  577 
CASES  OF  FROSTBITE  OF  THE  "SET 
KOREA,  1951-52 


Degree 

_ Rur&L 

Ur* 

an 

No. 

% 

No. 

% 

First 

Second 

Third 

Fourth 

65 

33 

26 

5 

50.1, 

25.6 

20.1 

3.9 

181 

142 

103 

22 

40.4 

31-7 

23.0 

4.9 

TOTAL 

129 

100.0 

448 

100.0 

Chi  square  « 4.148  P >.20 


APPS KDIX  TABLE  1*6 

COMPARISON  OF  DEGREE  OF  IHJURT  TO 
’OCALE  OF  RESIDENCE  AMONG  LSI 
CASES  OF  FROSTBITE  OF  THE  HANDS 
KOREA,  1951-52 


Degree 

Rural 

Urban 

No. 

if 

£ 

No. 

<# 

,» 

First 

15 

40.5 

69 

47.9 

Second 

17 

45.9 

58 

40.3 

Third 

1 

2.7 

11 

7.6 

Fourth 

4 

10.8 

6 

4.2 

TOTAL 

37 

99.9 

144 

100.0 

Chi  square 

- 4.019  p >.20 

nssinrOTD 
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APPENDIX  TABLE  47 


RESTRICTED 

IkMiMkiM 

DISTRIBUTION  OF  336  WHITE  CASES  C?  FROSTBITE  OF  THE 
FEET  ACCORDING  TO  DEGREE  OF  INJUR!  US  REGION  OF  ORIGIN 
ECEHA,  1951-52 


* 

Clisitie  Region 

~1 

Degree 

1 

II 

|I 

IV 

V 

Total  j 

(Feet) 

No. 

;< 

j'O  • 

? 

!Io. 

•/ 

•» 

Ho. 

4* 

. - 

l.’o. 

s 

!'o. 

-b 

First 

a 

40.0 

33 

44.0 

66 

52.4 

4C 

47.6 

u 

35.5 

156 

47.0 

Second 

a 

40.0 

24 

32.0 

41 

32.5 

23 

27.4 

li 

35.5 

107 

31.8 

Tliird 

2 

10.0 

16 

21.3 

17 

13.5 

IT 

20.2 

5 

16.1 

57 

17.0 

Fourth 

2 

10.0 

2 

2.? 

2 

1.6 

4 

4 

12.9 

14 

4.2 

TOTAL 

20 

T 

75 

100. C 

126 

100.0 

C** 

100.C 

31 

LOO.O 

336 

100.0 

Chi  square  » 15. SSI  ? >.10 


tFEDU  TABLE  43 

DISTRIBUTION  OF  236  NEGRO  CASES  Cr  FROSTBITE  GF  TIC 

feet  acco:oing  to  detves  cf  injury  and  rhcic::  of  origin 
ECREA,  1951-52 


APPENDIX  TABLE  49 


RESTRICTED 

SnxrMniM 

distribution  of  104  mite  cases  of  frostbite  c?  the 

HANDS  ACCORDING  TO  DEGREE  OF  INJURT  AND  RECICH  Of  ORIGIN 
KOREA,  1951-52 


MM 

Climatic  Region 

■ 

1 

r 

II 

III 

L 

IV 

L 

f 

m 

H 

IB 

n 

si 

n 

M 

n 

■ 

fl 

H 

n 

First 

2 

66.7 

B 

57.9 

22 

59.5 

17 

47.2 

5 

55-6 

m 

54.8 

Second 

0 

• 

m 

26.3 

13 

35.1 

15 

41.7 

3 

33-3 

34.6 

Third 

Kj 

• 

Kj 

10.5 

1 

Kffl 

m 

- 

11a 

IP 

3.8 

Fourth 

wsm 

m 

■SI 

1 

WBSrl 

K4 

11.1 

- 

K 

_6.L 

TOTAL 

3 

100.0 

19 

100.0 

37 

100.0 

36 

B 

100.0 

104 

99.9 

Chi  square  ■ 14*041  P >.20 


APPENDIX  TABLE  50 

DISTRIBUTION  OF  74  NEGRO  CASES  OF  FROSTBITE  OF  THE 
HANDS  ACCORDING  TO  DEGREE  OF  IN- JUKI  AND  REGION  OF  ORIGIN 
KOREA,  1951-52 


Climatic  Region 

Degree 

I 

II 

HI 

IV 

V 

T< 

Jtal 

(Hands) 

to. 

t 

No. 

■4 

m 

No. 

liL 

to. 

.4 

ff 

f. 

No. 

First 

0 

3 

37.5 

11 

33.3 

u 

34.4 

1 

100.0 

26 

35.1 

Second 

0 

- 

5 

62.5 

16 

48.5 

15 

46.9 

0 

- 

35 

48.6 

Third 

0 

- 

0 

- 

4 

12.1 

5 

15.6 

0 

-• 

9 

12.2 

Fourth 

0 

•• 

0 

. 

2 

6.1 

1 

?.l 

0 

• 

1 

- |JL 

TOTAL 

0 

- 

6 

100.0 

33 

100.0 

32 

100.0 

1 

100.0 

74 

100.0 

Chi  square  ■ 3*939  P >*90 
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DISTRIBUTION  0?  407  WHITE  CASES  Of  FROSTBITE  ACCORDING  TO 
RANK  AND  CLIHATIC  REGION  0?  ORIGIN  KOREA,  1951*52 


o 

H 


O 

as 

H CM 
Q »A 
« I 
O H 
O »A 
O O 
-<  H 

« • 

O Sj 

P4  M 
H O 
55  5* 

o 

O 55 


■*  £2 


a 

m 


M 

rv. 

PU 


2S 

I 

rtf  Cm 
*3° 

W 55 
S>  O 
fQ  »H 
O 

sa 

M 

K U 
5B  M 
H 

<?3 

•4M 
>4 
(M  U 

o 

a 

* 55 

O H 

M 

H *5 
53  55 

S3 

« 

f-* 

CO 


Total 

m isccch 

B 

99.8 

O 

r\ 

• 

A 

a. 

2 

• 

v* 

■0 

-4 

CM 

n 

» 

>o 

H 

t 

• • 

1 

•» 

■rl 

6 

E 

ntt  -40 
4400 
Hr IH 

O 

-* 

c 

o 

■rl 

bO 

• 

C* 

o 

•H 

s 

•H 

H 

O 

c 

CO  «0  t*-r» 

• • • • 

O CA'O'O  1 
CM  4HH 

1 

J 

BO 

«4 

CM 

> 

M 

J 

IAMN4  >AH 
• ••••' 
4U\(OOrl 
-4  CM  CM 

1 

-4  O *A®  H 
4 CM  H 

<0 

CO 

H 

H 

r 

»AS 

_! 

«00«VA4 
H «nCM  CM 

0 

• 

a* 

0* 

•) 

c, 

*l 

•4>  -4  03  CO  CM 
H -4^n 

CO 

cn 

H 

M 

M 

J 

i 

c~v  c-'-  c\  c^ 

♦ • • • 

H«>4«  » 
H r\CM  CM 

100.0 

ij 

(^\rH  © <0  0 
H -4  CM  f\ 

H 

H 

2 

CO  ce*  H r\ 

• • • • 

CM  O t 

v>  CM  O*  HO 
H H 

0* 

• 

%* 

O 

H 

4 

e 

• 

*3 

4 

*o 

O 

« 

o 

H 

4)  oH*>  • 

> *-4  0.  M 0 

04  Pa  0 CO  O 

ESTiWD 

Sttan'f  Ulxmtim 


ABO 


) 

I 

f 
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Chi  squars  ■ IO3.996  P < .001 
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APPENDIX  TABUS  62 


RESTRICTED 

SMM)  Mmtaa 


COMPARISON  0?  CLIMATIC  REGIONS  WITH  RESPECT  TO  BISTORT  OP  PREVIOUS  COLO 
INJUR!  AMONG  383  WHITE  CASES  OP  FROSTBITE 
KOREA,  1951-52 


Previous 

Cold 

Injury 

Climatic  Region  1 

n 

L 

□ 

ti 

■ 

m 

■ 

ET 

n 

_ . 

Tot; 

ll 

I* 

HI 

n 

H 

H 

n 

H 

■ 

n 

None 

Frostbite 
Trench foot 
Chilblains 

11 

9 

0 

0 

55.0 

45.G 

1 

1 

1 

76.0 

22.6 

0.7 

0.7 

87 

15 

0 

0 

85.3 

14.7 

1 

1 

78.3 

20.9 

0.3 

0.5 

TOTAL 

20 

100.0 

a 

100.0 

146 

100.0 

102 

100.0 

a 

100.0 

383 

100.0 

Chi  square  • 4*139  df  « 1 P <.05 


APPENDIX  TABLE  63 

COMPARISON  OF  CLIMATIC  REGIONS  OF  ORIGIN  WITH  RESPECT  TO  HISTORT  OF 
PREVIOUS  COLD  INJUR!  A MOOT  270  HECSO  CASES  WITH  FROSTBITE 
KOREA,  1951-52 


r 

Climtic  Rerlon 

Previous 

Cold 

1 

n 

1 

Mj 

B 

1 

Total  1 

Injury 

No. 

n 

M 

, A* 

Mo. 

rr 

No. 

% 

No. 

No. 

rm 

None 

1 

17 

85.0 

91 

74.6 

104 

91.2 

12 

92.3 

225 

83.3 

Frostbite 

0 

O 

3 

15.0 

31 

25.4 

10 

8.8 

1 

Mrflri 

45 

16.7 

Trersehfoot 

0 

B 

0 

- 

m 

- 

m 

- 

0 

B 

0 

- 

Chilblains 

0 

■3 

• 

— 

■3 

— 

0 

IEH 

0 

- 

TOTAL 

D 

100.0 

r» 

1CC.0 

122 

100.0 

114 

g 

13 

g 

270 

m 

Chi  square  - 0.093  df  *•  1 P >.70 
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APPENDIX  TABLE  64 


RESTRICTED 

Uantf  Wmostf 


COMPARISON  OF  CLIMATIC  REGIONS  OF  ORIGIN  WITli  RESPECT  TO  HISTORY  OP 
PREVIOUS  COLO  INJURY  AMONG  377  WITTE  BUNKEP.-MATE  CONTROLS 
KOREA,  1951-52 


Cl  lir.it lc  Rerion 


Previous 

Cold 

Injury 


TOTAL  33  100.1  114  100.0  133  100.0  88  100.0 j 24  jlOO.O  397  100.1 


Chi  square  « 5.005  df  • 1 P <.05 


APPEiDIX  TABLE  65 

COMPARISON  OF  CLIMATIC  REGIONS  OF  ORIGIN  WITH  RESFECT  TO  HISTORY  OF 
PREVIOUS  COLO  INJURY  AMONG  36  NSSI.O  PUIIKK-KATE  CONTROLS 
KOREA,  1951-52 


Cl  lr-itle  Region 


Previeus 

Cold 

Injury 


None 

Frostbite 

T.-enchfoot 

Chilblains 


1 100.0  10  100.0  11  100.0  11  7C.6  33  91-7 

0 - 0 - 0 - 0 - 0 - 

0 - 0 - 0 - 0 - 0 - 

0 - 0 - 0 _j; 2.  J}jJi  _JL  8.3 

1 100. 0 1C  100.0  11  100.0  14  100.0  36  100.0 


Chi  square  • 0.115  <if  ■ 1 P >.70 
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APPBJDIX  TABLE  66 


COMPARISON  OP  CLIMATIC  ESC  IONS  OP  ORIGIN  WITH  RESPECT  TO  HISIOHT  OP  PREVIOUS 
COLD  INJURY  AMONG  1273  WHITE  PRS-2XP0SURE  CONTROLS 
• KOREA,  1951-52 


Prerlouj 

Cold 



Clinatle  Region  1 



n 

[i 

:■ 

m 

IT 

n 

Total  1 

Injury 

N° t. 

m 

n 

i3BI 

No.|  % 

■ 

H 

m 

n 

Nona 

Hi 

H 

H6.6 

iqu 

fO.5 

226 

ISs 

M 

HI 

m 

Frostbite 

m 

«g 

■SHI 

45 

3.6 

15 

mm 

ki 

WB 

Trenehfoot 

m 

- 

■a 

- 

? 

0.6 

1 

■1 

MX? 

mm 

■EM 

Chilbl  .ntns 

mem 

M3 

ma 

2 

0.4 

0 

_ 

*3 

- 

HO 

■EM 

Frostbite  & 
Tr<>nchfoat 

n 

m 

m 

H 

0 

0 

■ 

■ 

m 

t: 

Frostbite  & 
Chilblains 

0 

_ 

m 

If 

m 

0 

■ 

■ 

m 

m 

Trench  foot  & 
Chilblains 

0 

. 

n 

HR 

■ 

m 

■ 

0 

. 

m 

TOTAL 

136 

100.0 

351 

100.0 

524 

100.1 

242 

_ 

100.0 

20 

U2 

1273 

100.1 

■#* 

«#■ 


> 


*»  V 


PcSTulCTEO 


O 


0 


APPENDIX  TABLE  67 
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APPENDIX  TABLE  66 

COMPARISON  Of  TfJE  HISTORY  CF  PREVIOUS  ILLNESSES  AMONG  406  WHITE  CASES  Of 
FROSTBITE  FROM  TK2  SEVERAL  CLIMATIC  REGIONS 
KOREA,  1951-52 


Previous 

Illnesses 

1 CllTatlc  Revlon  * \ 

II 

nr 

nr: 

m 

Total  1 

No- 

% 

Ito. 

LZ 

IWo. 

% 

No. 

* 

No. 

5 

None 

17 

81.0 

31 

88.0 

125 

91.7 

!_76 

70.4 

26 

76.5 

32? 

79.7 

Frequent 

Fevers 

1 

4.8 

2 

2-2 

L.4 

_ 

- 

_ 

0 

0.7 

Fnsi;~  'nla 

2 

_5ii 

7 

7.51  2.U  13.7 

25!  23.1 

31 

9e£j 

□2. 

14.2 

’ J/utr- 'ice  0 

- 

0 

- ro 

- 

9 

0 

- 

0 

- 

Malaria  1 

Lc 

2 

2.21  6 

?•?. 

6 

A 

11.8 

_1?. 

4.7 

R ’.vnautls 

o_ 

0 

- 

1 

0.7 

l 

o.? 

1 

r 2.9 

0.7 

Ml.  ntvrla 

0 

- 

0 

• 

0 

- 

0 

- 

0 

- 

0 

Syphilis 

0 

- 

0 

- 

0 

- 

0 

- 

0 

• 

0 

- 

’TOTAL 

n 

100.1 

92 

100.0 

153 

ico.o! 

! 

109 

100.0 

34 

100.0 

406 

100.0 

* l 
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^0  ,i 


Chi  square  - 27-570  df  - 16  P <-05 


Chi  square  - 15.602  df  - 24  P >.90 
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APPOT DU  TABLE  70 

(TIP ARISON  OP  HISTORY  OF  PREVIOUS  ILLNESSES  AMONG  401  BUNXER-HATK 
CONTROLS  FROM  TH3  SEVERAL  CL33UTIC  REGIONS 
KOREA,  1951-52 


Prerioua 

Illnesses 

Hone 

Cllmtie  Ration  1 

I 

ii 

1 III 

IV 

1 ? 

1 Total  1 

NO.. 

**“1 

33 

BK.fi 

t 

81 

nr 

r^i 

ET 

sr^rae: 

76.^ 

V-Uk-J. 

60 

L?„ 

! 64.5 

E. 

CL 

-mf-x 

7-7 

e 

2"4 

70.8 

Frequent 

fevers 

0 

1 

1 0.t 

. 

. 0.7 

1 

_23 

2 

La* 

CV.vl 
7 lb. 

o 

3 

0.7 

R-.T.  .T.'.l 

2 

5.1 

20 

17.5 

>’•  15.6 

'-3.5(  72  | 15.0  1 

Jf.undies 

1 

2.6 

11  2.6 

~Zl  J.3 

4 

2.S 

Oj 

T 

- 

Wl  2.5J 

11  2.6 

3 

2.1 

5 

5.4 

TO 

a 

5.2 

P wr-uds 

1 

2.6 

_ o 

• 

0 

- 

0 

- 

0 

- 

1 

0.2 

Hr—.turJa 

0 

- 

2 

_.1j3 

L_3 

2.1 

2 

2.2 

1 

7-7 

a 

2.0 

Svrhllls 

l 

mm 

n 

0.9 

2J 

• 

0 

- 

0 

2 

■•sal 

TOTAL 

39 

100.1 

a 

100.1 

3 

100.0 

93 

100.1 

1C0.1 

401 

c. 

Chi  square  - 79.685  df  - 28  P <.001 
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APPENDIX  TABUS  71 

COMPARISON  OF  HISTOHT  OF  PREVIOUS  VlilZSSSS  AMONG  30  NEGRO  BUNKER-MATE 
CONTROLS  FROM  T)!3  SEVERAL  CLIMATIC  RZGICUS 
KOREA,  1951-52 

. ' 
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^f,f|  U>iii«ihe» 


435 


APPENDIX  TABUS  72 

COMPARISON  OP  BISTORT  OP  PREVIOUS  ILLNESSES  AMONG  1C93  WHITE  PRE-EXPOSURE 
CONTROLS  FROM  THE  SEVERAL  CLIMATIC  REGIONS 
KOREA,  1951-52 
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APPENDIX  TABU  73 

COMPARISON  OF  BISTORT  OF  PREVIOUS  ILLNESSES  AHONG  264  NEGRO  PRS-EXPOSORB 
CONTROLS  FROM  TII3  SEVERAL  CLIMATIC  REGIONS 
KOREA,  1951-52 


Previous 

Illnesses 


Sene 

Frequent 

fevers 

Fr  :v~  -.o.Hn 
J- •■-nllce_ 

~.-vr-yis 

H-r-'.Tu'jn 


I 

II 

0 

JL 

Ho. 

*»•»*- 

17 

wLr 

65.4 

0 

0 

0 

- 

5 

H9-2 

0 

- 

0 

1 - 

0 

• 

3 

U.5 

0 

- 

0 

— | 

0 

- 

0 

- 

0 

- 

1 

0 

- 

26 

99.9 

Cllmtle  Revlon 
III  1 17 


V 

JL 

0 

0 

T 

0 

- 

1 0 

r - 

fo 

• 

75 

-T. 

0 

- 

0 

• 

0 

- 

6 1 2.3 

- TM~voT5~ 

51  1.9 

t:z$dh 

- 1 2I  o?g~ 

13|  t.«9 

- 264  100.1 


Chi  square  - 20.505  df  ■ 12  P >.05 
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APPENDIX  TABLE  74 

COMPARISON  OP  AMOUNT  OP  SMOKING  HI  WO  KHITE  CASES  OP 
FROSTBITE  FROM  THE  SEVERAL  CLIMATIC  REGIONS 
KOREA,  1951-52 


Stoking 

m 

T 

T 

mmm 

17 

T 

No. 

% 

No. 

m 

m 

H 

Sc. 

Ld 

No. 

olscx*® 

*jU 

? 

10.0 

It 

15.7 

I6.lt 

R 

Bl 

H 

n 

if%g 

~&2  Pack 

3 

15.0 

It 

15.7 

HI 

22.lt 

H 

Hi 

n 

H 

R 

HI 

T'Pick 

.9 

15.0 

37 

LI. 6 

H 

L6.1 

B 

IBS 

n 

bSI 

1 1/2  Pack 

■ 

1H 

15 

m 

HI 

8.6 

g] 

IB 

H 

U 

H 

HI 

2 Packs 

H 

8 

m 

■H 

n 

Bl 

fl 

m 

Bl 

IR 

Over  2 
oacka 

II 

id 

1 

H 

H 

■ 

R 

1 

H 

m 

8 

H 

TOTAL 

20 

• 

100.0 

152 

100.1 

103 

51 

WO 

100.1 

mu 

D 

mm 

0.8 

0.8 

D 

mm 

mm 

4 .70 

* .59 

4 .63 

£.70 

St 

• 

♦1 

♦ .61 

Li 


* 


« 

'i 

i 


• 

i- 

»*4 
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APPWDDt  TABLE  75 

C0WARI9W  Of  IMIXMT  C?  9WKINC  3t  290  WECTO  CASES  OT 
fSOSTBOT  FROM  THE  SEVERAL  CLIMATIC  REGIONS 
KOREA,  1951-52 


Stoking 


mBBBHlflBBBfi 


SC&BSH 

SSSSnSiw 


100.0122  llOO.O  127  100.0  117  100.0  13  lOO.d  2S0  100.0 


»♦ 

• 

Wl 

V/l 

« .5t 

RESTATED 

iKwrtj 


RESTRICTED 
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APPENDIX  TABLE  76 

OCRPARISON  OF  AMOUNT  OF  WOKING  BT  393  WHITE  8UNXER-HATZ  CONTROLS 
FROM  THE  SEVERAL  CLIMATIC  REGIONS 
KOREA,  1951-52 


Clloatlc  Rajrlon 

r 

~~i 

3aoklng 

rrz 

■ 

■ 

f nr 

LT^ 

I Total  1 

[Bo. 

■X. 

re.n 

JL. 

Vo. 

< 

19.6 

Ho. 

16.5 

L 

u: 

No. 

f 

Rone 

? 

I'Ll 

21 

!i8.9 

26 

16 

2 

8.3 

70 

17.3 

1/2  Pack 

12.8 

15 

1?.? 

11 

11.2 

11 

l*t2. 

7 

2Q.2 

5? 

Rl 

1 P.>ck 
dally 

n 

u.6 

_5J 

41. 0 

3? 

61.2 

IT. 

45.3 

160 

60.7 

1 1/2  Tack 
dally  . 

? 

17-? 

16 

16.4 

17 

12.7 

li 

1?.? 

1 

6.2 

?2 

13.2 

2 Packs 
fcily 

10 

o.O 

13 

?-7 

12 

16.1 

J. 

12.5 

63 

10.0 

Over  2 
packs 
daily 

0 

■ 

A- 5 

3 

6.0 

2 

2.4 

1 

■ 

I 

3.8 

TOTAL 

39 

99.9 

LU 

99.9 

136 

H 

8 

o 

85 

8 

o 

3 

10C.0 

393 

9y.9| 

MEAN 

| 

D 

1 

|P| 

Hi: 

| 

IB 

fflBI 

J* 

.62 

♦ 

64 

♦ 

.70 

♦ 

.65 

♦ 

.56 

♦ 

.66 

I ‘ 

i 

I restated 
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APPENDIX  TABLE  70 

REGIONAL  COMPARISONS  OF  HEAfl  INTERVAL  IB  HOURS  SINCE  LAST  MEAL 
BEFORE  FROSTBITE  BY  RACE  FOR  665  CASES  AND  440  BUNKER-MATE  OONTOOL3 


Croup 

Climatic  Region  1 

I 

IX 

iir  _ i 

No. 

Mean 

Hours 

S.  D. 

No. 

Mean 

Hours 

S.  D. 

No. 

Kean 

Hours 

S.  D. 

’White  case- 

21 

8.5 

i 5.44 

89 

6.9 

1 4.69 

148 

6.6 

i 5.60 

White  control 

39 

9-7 

1 5.03 

H5 

?•? 

- 3.49 

137 

10,? 

* 10.91 

Negro  case 

1 

4.0 

21 

6.1 

1 3.77 

121 

9.6 

1 7.47 

Ne»rro  control 

- 

- 

- 

1 

10.5 

- 

Jfl 

£ 7.14 

Climatic  Region 

S 

Group 

IV 

v 

t* 

r 

Mean 

Mean 

No. 

_Houp: 

Hjisrs 

White  case 

105 

8.9 

1 5.05 

29 

9.0 

♦ 6.40 

2.72 

<.01 

L'nite  control 

CO 

8.8 

♦ 5.18 

?4 

5.6 

t 3./, 6 

0.05*1 

>.90 

Negro  caue 

116 

9.8 

± 7.18 

14 

8.5 

1 5.53 

3*869 

<•001 

Negro  control 

—12 

l&AL 

■4A.I1 

JLL 

Zj2, 

11  5*53 

. - 

*In  all  instances  "t"  comparisons  are  between  Northern  regions  (I  ami 
II)  and  Southern  regions  (III,  IV  and  V). 
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APPENDIX  TABLE  9& 

COMPARISON  OP  CLIMATIC  REGION  WITH  RESPECT  TO  AVERAGE  CHUCK 
OF  INSOLES  FOR  207  WHITE  BUNKER-MATE  CONTROLS 
KOREA,  1951-52 
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APPENDIX  TABLE  97 

COMPARISON  OP  CLIWriC  REGION  WITH  RESPECT  TO  AVERAGE  CHANGE  OF 

r 

INSOLES  FOR  9 NEGRO  BUNKER-MATE  CONTROLS 

KOREA,  1951-52 

V.', 

• 

Average  Change 
of  Insole# 


Every  day 
Every  other  day 
Every  third  day 
Every  fourth  day 
Every  fifth  day 
Every  sixth  day 


ii  1 

n 

in 

IV 

§:  l 


3 flOO.O  6 I1C0.1 


1.33 

1.50 

* 0.71 

♦ 0.92 

6 66.7 

2 22.2 
1 11.1 


l.U 


♦ 0.73 


[I 


WM»M»Nw 


APPEJDEC  TAEXJ5  98 

COMPARISON  OF  CLIMATIC  REGION  VOTH  RESPECT  TO  AVERAGE  CHANGE 
OF  INSOLES  FOR  118  NSGSO  FROSTBITE  CASES 
KOREA,  1951-52 


Average  Change 
of  Insoles 


Every  day 
Every  other  day 
Every  third  day 
Every  fourth  <Jaj 
Every  fifth  day 
Every  sixth  dh.T 


L_n 

No. 

J>Io. 

0 

7 

77.8 

1 

100.0  1 

11.1 

0 

1 

U.l 

0 

0 

0 

0 

. 

0 

0 

- 

1 

100.0  9 

1CO.C 

1 

2.00  1.33 

- 

* 0.75 

CU.-i.tlc  Replon 


Total 
Ho.  f 

WUIIHMD 

83  70. 


0 - 0 - 

0 - 0 - 

5.8  1 l.f.  0 


.c|  1 jioo. 


l.U  2.00 


0 US  1C0.C 
1.48 

: 

♦ 1.01 
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APPENDS  TABLE  104 


RESTRICTED 

StortrMnNa 


COMPARISON  OP  CLIMATIC  REGION  WITH  RESPECT  TO  INTERVAL  H DATS  BETWEEN  LAS- 
CHANCE  OP  SOCKS  AND  ONSET  OF  FROSTBITE  AMONG  402  WHITE  BUNKER-MATE  COf.TROLS 

KOREA,  1951-52 


4 i 


Climatic  Region 


Last  Change 
of  Socks 

n 

t 

II 

' III 

tv 

Lj 

r 

Total  1 

n 

Ho.|  f 

No. 

J 

n 

n 

1 

n 

No. 

* 

Less  than  one  day 

22 

56.4 

59 

51.8 

81 

58.7 

s 

n 

234 

58.2 

1-2  days 

12 

30.8 

44 

38.6 

44 

31.9 

24.1 

3 

12.5 

124 

30.8 

2-3  days 

2 

5.1 

6 

5.3 

10 

7.2 

19 

11.5 

2 

8.3 

30 

7.5 

3-4  days 

2 

5.1 

2 

1.8 

2 

1.4 

IB 

1.1 

1 

4.2 

8 

2.0 

4-5  days 

0 

• 

- 

1 

0.7 

m 

- 

0 

• 

1 

0.2 

Over  5 days 

1 

2.6 

2.6 

0 

- 

n 

1.1 

0 

- 

5 

1.2 

TOTAL 

39 

100.0 

100.1 

133 

99.9 

« 

99.9 

24 

100.0 

402 

99.9 

Chi  squara  ■ 20.751  df  - 20  P >.30 


APPENDS  TABLE  105 

COMPARISON  O’  CLIMATIC  REGION  WITH  RESPECT  TO  INTERVAL  IN  DATS,  BETVT2I  LAST 
CHANGE  OF  „„CXS  AND  ONSET  OF  FEOSTBTiE  AMONG  253  NEGRO  FROSTBITE  CASES 

KOREA,  1951-52 


Cliratic  Ration 

1 

Last  Change 
of  Socks 

II 

III 

IV 

V 

Total 

No. 

JL. 

100.0 

No. 

i. 

No. 

60.6 

Ho. 

j* 

No. 

28.6 

No. 

Less  than  one  day 

1 

15 

68.2 

77 

77 

64.7 

4 

174 

61.5 

1-2  days 

0 

- 

4 

18.2 

30 

23.6 

29 

24.4 

6 

42.9 

69 

24.4 

2-3  days 

0 

- 

1 

4.5 

7 

5.5 

9 

7.6 

1 

7.1 

18 

6.4 

3-4  days 

0 

- 

1 

4.5 

3 

2.4 

1 

0.8 

1 

7.1 

6 

2.1 

4-5  days 

0 

- 

0 

- 

2 

1.6 

0 

0 

- 

2 

0.7 

Over  5 da73 

0 

- 

1 

ESI 

6 

6.3 

_J. 

2 

14.3 

14 

4-9 

TOTAL 

1 

100.0 

22 

99-9 

127 

100.0 

119 

100.0 

14 

100.0 

283 

100.0 

Chi  square  « 16.141  df  - 20  P >.70 


BESTFJCTE3 

facsnfj 


•>  .** 
-i- 

L 


v^v:-:c: 


•/*.'  •/  *.*  •/  *.*  • ’•*  ***’•*  *.*  N*  */  V-" 


/ * .vV-V.'.nV. 


528 


£•?>  f - * .• 


APPENDIX  TABLE- 106  ffiffllCTED 

COMPARISON  OF  CLDtATIC  REGIONS  WITH  P.FSPKCT  TO  E.TSH7AL  IN  DAYS,  BETWEEN 
LAST  CHANGE  OF  SOCKS  AND  ONSET  OF  FROSTBITE  AMONG 
37  NEGRO  BUNKER-MATE  CONTROLS 
KOREA,  1951-52 


Last  Chanda 
of  Socks 


Climatic  Region 


IjHRJHBHMSHKiMHIHIB 


Lass  than  one  da/ 

1- 2  da/s 

2- 3  da/s  O 

3- 4  da/s  O 

4- 5  da/s  O 

Oyer  5 days  O 

TOTAL  O 


Chi  square  - 8.130  df  “ 9 P >.50 


3 
5 

10.0]  2 
10.0  0 
- 0 


R0R 

3 

6 

574  18 
A2.9  15 

0 

3 

0 

1 

0 

0 

0 

0 

1A 

100.0  37 

APPENDIX  TABLE  10? 

COMPARISON  OF  CLIMATIC  REGIONS  WITH  RESPECT  TO  CONDITION  OF 
THE  FEET  AT  TIKE  OF  FROSTBITE  AMONG  398  WHITS  CASES 
KOREA,  1951-52 


Wet  from  aelted  I I 
snow  I 6 I 28.6 


Wet  fro a wading  I 
in  water  I 2 


■mm 

mmwmm 


21  100.1  S9  1CO.O  150  100.1  103 


Chi  square  - 23.588  df  - 16  ? >.05 
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COMPARISON  OF  CLIMATIC  HB3I0NS  WITH  RESPECT  TO  CONDITION  OF  THE  FEET 

■ 

: t 

AT  TIME  OF  FROSTBITE  AMONG  102  WHITE  BUNKEH-HATZ  CONTROLS 

j * 

KOREA,  1951-52 

* 

Condition 
of  Feet 

Dry 

J 

T3fTri 
i/et  fr 
frour 
Vet  fr 
sr.rv 
Wot  fr 
in  vi 

g§SI| 

TOTAL 

. Climtlc  Rerlon 


III  I TV 


25.61  30 1 26.1 1 31 1 22.6 


■■MBI 


ieaiHx 


39  100.01115  100.1  137  100.C  87159.9  2U100.0JA02  99. 


Chi  square  “ 27.171  df  « 16  P <.05  (E(r  individual  region) 
Chi  square  • 1.605  df  ■ A P >.80  (Worth  rs  South) 
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CUIPAaiSCr:  OF  CLLVATIC  kstoxs  with  respect  to  CONDITION  of  the  feet 
AT  THE  0?  FROSTBITE  AHC3G  230  NEGRO-  FROSTBITE  CASES 
KOREA,  1951-52 


' 

Condition 
of  Feet 

Climatic  Rsrlon  1 
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III 
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46.2 
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KSSSiiaEBES* 
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Wet  from  r.clted 
snow 

o_ 
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m 
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20.6 

m 

m 

m 

HR 

m 

KB 

Wet  from  wading 
in  water 
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m 
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m 

■1 
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HI 

TOTAL 

D 
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22 
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Chi  square  « 12.803  df  - 16  ? >.50 


restricted 

5«»ntj  ItltratM, 


531 


RESTRICTED 

borrt)  ktrmm 


APPENDIX  TABLE  110 


COMPARISON  OF  CLIMATIC  REGIONS  WITH  RESPECT  TO  CONDITION  OF  THE  FEST  .T 
TIME  OF  FROSTBITE  AMONG  37  NEGRO  BUNXER-HATS  CONTROLS 
KOREA,  1951-52 
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COMPARISON  OF  CLIMATIC  REGIONS  WITH  RESPECT  TO  MINIMUM  TEMPERATURE  OP 
EXPOSURE  AlfONG  392  WHITE  BUNKER-MATE  CONTROLS 
KOREA,  1951-52 


More  than  37 
• 31  to  37 
2 U to  30 
17  to  23 
10  to  16 


-U  to  2 


TOTAL 


MEAN 


Climatic  Region 


38  100.0  115  100.0  131  99.9  84 


13.2  11.3  13.1  11.8  16.7  12.5 


12.69  - 11.33  ± 12.00  ± 12.35  - 8-17  1 11.82 
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COMPARISON  OP  CLIMATIC  REGIONS  WITH  RESPECT  TO  DURATION  OP 
. EXPOSURE  AMONG  674  FROSTBITE  CASES 
KOREA,  1951-52 


Duration 

of 

E-foasure 


0 

- 4 hrs. 

*4.1 

- 3 hrs. 

e.i 

- 12  hrs. 

12.1 

- 16  hrs. 

16.1 

- 20  hrs. 

20.1 

- 24  hrs. 

2 

days 

3 

days 

Cver  1 d?.Y3 

TOTAL 

MEAN 

Clinatic  Region 


IV 


imaii 


20  100.0  110  99.8  274  99.7E20  100.0  50  100.0  674  99.9 
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MEAN  SCJiOOL  GRADE  COMPLETED  ST  1H  FROSTBITE  CASES  AND  1343 
PRE-EXPOSURE  CONTROLS  ACCORDING  TO  RACE  AND 
CLIMATIC  REGION  OF  ORIGIN 
KOREA.  1951-52 


School  Grade  Completed 


Region  and 
Race 


Kean 

Grade 

S.D. 

10..L5 

♦ 2.0261 

9.98 

a 2.2401 

Total  White 
Total  Negro 


. APPENDIX  TABLE  128 

COMPARISONS  (t)  OF  KEAN  SCHOOL  CRADE  COMPLETED  ST  lit  FROSTEITE 
CASES  AND  132*3  PRE-EXPOSURE  CONTROLS 
KOREA,  1951-52 


Conrarlson 


Difference 
In  Kean 


North  White  Control  vs  South  White  Control 
North  Negro  Control  vs  South  Negro  Control 
North  White  Case  vs  South  White  Case  i 

North  Negro  Case  vs  South  Negro  Case 
North  White  Control  vs  North  White  Case  | 

South  White  Control  vs  South  White  Ca3e 
North  Negro  Control  vs  North  Negro  Case 
South  Negro  Control  vs  South  Negro  Case 
Reg.  II  White  Control  vs  Reg.  II  White  Case 
Reg.  Ill  White  Control  vs  Reg.  Ill  White  Case 
Reg.  IV  White  Control  vs  Reg.  IV  White  Case 
Reg.  V White  Control  vs  Reg.  V White  Case 
Reg.  II  Negro  Control  vs  Reg.  II  Negro  Case 
Reg.  Ill  Nevro  Control  vs  Reg.  Ill  Negro  Case 


3.663 

PPil 

1.809 

>.05 

1.59 

2.588 

<.01 

0.60 

1.076 

>.20 

1.34 

2.465 

<.02 

0.22 

0.702 

>.30 

0.11 

0.167 

>.80 

0.33 

1.125 

>.20 

1.23 

2.249 

<•05 

0.3L 

0.700 

>.40 

0.23 

0.416 

>.60 

0.75 

0.759 

>.40 

0.13 

0.190 

>.80 

0.58 

1.181 

>.10 
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APPENDIX  TABLE  131  I 

MEAN  ACCT  SCORES  (AREA  I)  AMONG  71  FROSTBITE  CASES  AND  U14 
PRE-EXPOSURE  CONTROLS  DISTRIBUTED  ACCORDING  TO  RACE  AND 
REGION  OF  ORIGIN 
KOREA,  1951-52 


RESTRICTED 

btvKrMMaOM 


ACCT  Score  — Area  I 


Itogion 

and 

Cases  i 

Controls 

Race 

Ho. 

Mean 
Score 

S.D. 

No. 

Mean 

Score 

S.D. 

North  White 

6 

103.50 

♦ 20.04 

3^7 

98. e6 

1 18.69 

South  White 

20 

89.25 

£ 17.58 

57? 

92.15 

£ 16.95 

North  !!egro 

2 

58.50 

. 

10 

78.30 

± 12.56 

South  Negro 

43 

73.93 

£ 14.33 

178 

70.81 

1 12.46 

Total  White 

26 

92.  54 

£ 18.45 

926 

9N.67 

£ 17.92 

Total  Negro 

45 

73.24 

1 14.41 

lea 

71.21 

£ 12.51 
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HEAII  AGCT  SCORES  (AREA  III)  AITOI.G  71  FROSTBITE  CASES  AND  1302 
PRE-EXPOSURE  CO:;TROLS  DISTRICTED  ACCORDING  TO  RACE  A!B 
P.EGIOH  OF  ORIGIN 
KOREA,  1951-52 


AGCT  Score  --  Area  III 


n 


Region 

and 

1 Case 

'3 

Controls 

Race 

Eea  n 

Mean 

Ko. 

Score 

S.D. 

No. 

Score 

S.D. 

North  White 

6 

104.67 

♦ 19.93 

424 

98.93 

£ 18.81 

South  White 

20 

83.50 

♦ 18.74 

689 

91.75 

£ 18.73 

North  Negro 

2 

58.50 

10 

76.80 

£ 11.21 

South  Negro 

43 

73.34 

♦ 16.40 

179 

70.36 

£ 13.64 

Total  White 

26 

92.23 

£ 19.57 

m3 

94.49 

£ 19.08 

Total  Negro 

' 5 

73.16 

♦ 16.41 

189 

70.70 

£ 13.55 

IK 


ticanti 


APPE1DIX  TABLE  133 


RESTRICTED 

Jtorttj  Mvutte 


"t"  COMPARISONS  OF  KEA1I  AGCT  SCORES  (AREA  1)  FOR  71 
FROSTBITE  CASES  AND  1116  PRE-EXPOSURE  CONTROLS 
KOREA,  1951-52 


Comparison 


Control  vs 
Cases  vs 
Control  vs 
Control  vs 
Control  vs 
Control  vs 
Control  vs 
Cases  vs 
Control  vs 


Difference 
in  Mean 


Control 

Cases 

Control 

Cases 

Cases 

Cases 

Control 

Cases 

Control 


t 

P 

5.1.73 

<.01 

1.569 

>.10 

1.835 

>.05 

0.562 

>.60 

0.726 

>.60 

1.312 

>.10 

5.018 

<.01 

3.1*06 

<.01 

18.21*8 

<•01 
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»t"  COMPARISONS  OF  KEAN  AGCT  SCORES  (AREA  III)  FOB  71 
FROSTBITE  CASES  AiiD  1302  PRE-EXPOSURE  CONTROLS 
KOREA,  1951-52 


Comparison 


Control  vs 
Cases  vs 
Control  vs 
Cases  vs 
Control  vs 
Control  vs 
Control  vs 
Control  V3 
Control  vs 
Control  vs 
Cases  vs 
Cases  vs 


Control 

Cases 

Control 

Cases 

Cases 

Coses 

Cases 

Case3 

Control 

Control 

Cases 

Cases 


Difference 
in  Mean 

t 

P 

7.18 

6.193 

<.01 

16.17 

1.763 

>.05 

6.66 

1.766 

>.05 

15.36 

1.607 

>.10 

5.76 

0.699 

>.60 

3.25 

0.766 

>.60  l 

3-68 

1.288 

>.10  | 

18.30 

1.636 

>.10 

22.13 

6 ,0u6 

<.01 

21.39 

17.187 

<.01 

66.17 

3.650 

<.01 

16.66 

3.006 

<.01 1 
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A CLINICAL  EVALUATION  OF'  FROSTBITE 
KOREA,  1951-52 

I.  IliTNOPUCTlQN 

The  winter  of  1951-52,  unlike  the  previous  winter,  found  the 
United  £ ate s troops  engaged  In  a boldine  action  with  their  offensive 
tactics  United  to  patrols  ranging  from  squad  to  corpany  sice.  Also 
the  protection  of  the  individual  soldier  against  indecent  weather 
was  improved  because  of  better  shelters,  newer  types  of  protective 
clothing  and  core  front  logistical  support.  In  spite  of  these  im- 
provements 716  cases  of  authenticated  frostbite  occurred  among  the 
United  States  troops. 

The  classification  of  frostbite  lesions  used  In  1950—51  was 
again  utilise:!  for  the  1951-52  cases.  This  classification  is  based 
upon  tissue  changes  produced  by  the  effect  of  cold  and  divides  the  in- 
juries into  uegrees  of  severity! 

1.  First  degree  frostbite  is  characterised  by  numbness,  ery- 
thema, swelling  and  superficial  desquamation  of  the  involved 
part. 

2.  Second  degree  frostbite  nroduces  vesiculation  cf  the  skin. 
This  Injury  involves  only  partial"  thickness  of  the  skin 
and  does  not  extend  into  the  subcutaneous  tissue. 

3.  Third  degree  frostbite  Involves  the  entire  thickness  of 
skin  extending  into  varying  depths  of  subcutaneous  tissue. 

In  these  lesions  vesicles  ray  or  nay  net  appear. 
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km  Fourth  degree  frostbite  causes  sufficient  injury  to  the 
entire  thickness  of  the  part  including  bone  so  that  loss 
is  inevitable. 

The  clinical  classification  of  frostbite  presently  in  use  lacks 
an  index  to  the  amount  of  area  involved.  A classification  has  not  yet 
been  devised  which  includes  the  degree  of  injury  and  area  of  involve- 
ment. Until  such  a classification  is  formulated  couplet o evaluations 
and  dcaparlscns  of  the  causative  factors,  healing  time,  efficacy  of 
frostbite  treatrent,  etc.,  cannot  be  made. 

Detween  20  November  1951  and  15  Harch  1952,  716  confirmed  cases 
of  frostbite  were  admitted  to  the  cold  injury  centers  in  Korea  and 
Japan  for  treatment  and  disposition. 

A ctcparison  of  the  frostbite  cases  of  1951-52  with  those  of 
1950-51  revealed  a shift  in  the  degree  of  severity  (Table  1).  In  1950- 
51  the  severity  rate  was;  first  degree  16. 7^,  second  degree  33*6?, 
third  degree  UJ.fiZ  and  fourth  degree  6. It.  In  1951-52  cases  showed  an 
increase  in  first  degree  to  39*W,  seccnd  degree  remaining  approximately 
the  same  at  36.4^,  while  third  and  fourth  degrees  dropped  to  20.0  and 
It, 6%  respectively.  This  decrease  in  degree  of  severity  was  due  to 
static  cccbat  conditions,  milder  weather  and  better  Individual  protec- 
tion against  the  environment. 

Similarly  a shift  in  anatomical  sites  of  involvement  by  frost- 
bite was  noted.  In  the  5 1 cold  injury  cases*  the  percentage  of 

feet  injured  by  frostbite  was  87.45?,  hands  12. 2^  and  heads  (ears-nose) 

«0rr,  K.  D.  and  0.  C.  Fniner,  "Cold  Injuries  in  Korea  During  Winter  of 

1950-51".  Medicine  Vol.  31,  t!o.  2, 
pp  117-220,  Kay  1952. 


Z 


I 


} 


572 


TABLE  X 

DISTRIBUTION  OF  FROSTBITE  CASES  BT 
DECREE  OF  INJURY  FOR  1950-51  AND  1951-52 


No.  of  Cases 


iPHSa  Kias-gi  misa 


First 

314 

279 

16.? 

Second 

632 

261 

33-6 

Third 

819 

143 

43.6 

Fourth 

115 

U 

6.1 

Total 

1880 

716 

100.1 

| Total | 1880  j 716  | 100.1  | 100.0  j 

•These  are  for  eases  admitted  to  Osaka  Army  Hospital 

O.A %.  In  1951-52  there  was  a lowering  of  the  frequency  of  frostbite 
of  the  feet  to  76. Ut  ar.d  an  Increase  In  hinds  and  heads  (ear-nose)  to 
2J.2  arid  2.k%  respectively  (Table  lA). 

TABLE  1A 

DISTRIBUTION  OF  716  CASES  OF  FROSTBITE  ST  DECREE 
OF  SEVERITY  AND  ANATOMICAL,  SITE  OF  EJJURT 


Degree  of 
I"! W 

Feet 

No. 

=JL LrOL 

„_2 

Hnn.ls 
NO  e 

- 23. ?< 

T“ 

F.irs  - 
?;o. 

Nose  - 2.6 % 
t 

Ho. 

Total 

t 

First 

254 

i.3.1 

36 

66.7 

6 

31.6 

366 

63.7 

Second 

177 

30.1 

75 

60.8 

13 

68.6 

265 

33-5 

Third 

131 

22.2 

13 

7.1 

0 

0 

166 

18.2 

Fourth 

27 

6.6 

10 

5-6 

0 

0 

37 

6.7 

Total 

589 

100.0 

186 

100.0 

19 

100.0 

792 ; 

100.0 

•Includes  cases  where  both  hands 
and  feet  in  the  same  individual  were  Injured 


The  racial  Incidenre  of  frostbite  of  the  feet  for  United  States 


0 

troops  In  1951-52  had  a percentage  distribution  of  59  and  41if  for  White 
and  Negro  soldiers  respectively.  The  distribution  for  frostbite  of  the 
hands  was  58. 6£  for  Whites  and  41 .4;S  for  Negroes  (Table  2).  Among  585 
cases  with  frostbite  of  the  feet  the  Negro  soldier  had  a higher  percen- 
tage of  third  and  fourth  degree  involvement  than  the  White.  Th;  1 same 
pattern  except  for  fourth  degree  injuries  was  found  in  181  cases  with 
frostbite  of  the  hand. 


TABLE  2 

distribution  of  705  cases  of  frostbite  - race,  decree  of  djjurt 

AND  ANATOMICAL  LOCATION  OP  INJURI 


m 

Fee 

t 

Hard  s 

V.'hlte  ■ 
Ko.  of 
Cases 

mm 

VRiite  - 58.0* 

BBfft  r Wf iffTfcd 

a 

H 

No.  of 
Cases 

■1 

llo.  of 
Cases 

* 

Pirst 

Second 

Third 

Fourth 

164 

109 

53 

14 

47.5 

31.6 
16.8 

4.1 

87 

68 

72 

13 

36.2 

28.3 

30.0 

5.4 

58 

37 

4 

> 

54.7 

34.9 

3-8 

6.6 

27 

36 

9 

3 

36.0 

48.0 

12.0 
4.0 

Total 

345 

8 

240 

99.9 

106 

1C0.0 

75 

100.0 

The  sites  of  maximum  Involvement  for  578  patients  with  frostbite 
of  the  feet  varied  according  to  the  degree  of  severity.  In  first, 
second  and  third  degree  lesions  the  cost  common  site  was  the  great  toe. 
In  fourth  degree  frostbite  all  toes  were  more  often  involved  than  one 
single  toe  (Table  3).  Irrespective  of  degree  of  injury,  the  great  toe 
was  r.ore  frequently  involved  (53- 5f)  than  any  other  single  toe,  combi- 
nation of  toes  or  parts  of  the  foot • There  was  no  consistent  site  of 
swxL-un  involvement  for  325  single  hands  injured  by  frostbite  when 
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classified  by  degree  of  severity.  Irrespective  of  degree  of 
injury,  however.  }6.9%  of  the  frostbitten  hands  had  more  then 
two  finger  tips  injured  by  cold  (Table  U)» 
n.  CLEttCAL  HA?n FTSTAT10NS 

The  clinical  manifestations  of  frostbite  in  juries,  have 
been  described  for  the  cases  that  occurred  in  1950-51*.  The 
frostbite  patients  of  1951-52  had  a similar  pattern  of  clinical 
Bonife stations.  There  was  no  dissimilarity  in  the  clinical 
course  of  ;i>e  two  groups  of  frostbite  cases. 

Certain  factors  which  contributed  to  the  clinieel  course 
of  frostbite  were  not  previously  considered  in  the  analysis  of 
the  1950-51  cases  but  an  opportunity  presented  itself  in  the 
winter  of  1951-52  to  do  sc  Th<no  factors  included*  degree  of 
injur/,  anatomical  site  of  involvement,  race,  duration  of  cold 
exposure,  methods  of  revcrwlng.'  type  of  footgear  worn,  type  of 
handgsar  worn,  condition  of  tha  extremity  at  time  of  injury  and 
typo  of  treatment.  Two  clinical  aspects  of  frostbite  lend 
themselves  as  criteria  fc  • evaluation  of  tha  restoration  of 
cold  damaged  tissues*  1)  the  drying  time  of  vesicles  and 
2)  the  healing  time  of  the  lesions. 

The  drying  time  of  vesicles  was  defined  ss  the  number  of 
daye  (from  time  of  injury)  required  to  complete  the  process  of 
drying.  Drying  was  considered  to  be  primarily  dependent  upon 
the  status  of  circulation  around  the  base  of  the  vesicle.  A 

v0rr.  K.  D.  and  D.  C.  Kalnor.  Cold  injuries  in  Korea  during  the 
winter  or  1950-51.  Medicine.  Jl»  117-220,  Hay  1952. 

576 


i 


vesicle  of  either  second  or  third  degree  wee  considered  to  he 
completely  dried  when  Its  contents  had  been  reabsorbed,  and  no 
break  or  leakage  from  the  vesicle  wall  had  existed  throughout  the 
entire  period  of  drying.  The  top  of  the  vesicle  at  tine  of 
completion  of  drying  formed  a firm,  dry,  tough  eschar. 

Healing  time  was  defined  as  the  number  of  days  (from  time  of 
injury)  required  to  coiplete  the  healing  process.  The  healing  of 
frostbite  lesions  was  considered  to  be  complete  when  the  following  . J 

criteria  were  fulfilled. 

1*  First  Degree 

The  Involved  part  no  longer  showed  signs  of  edena 
or  erythema  and  superficial  desquamation  of  the  skirt 
was  almost  completed. 

2.  Second  Degree 

The  esehar  derived  from  the  <L  -sd  vesicle  vss 
sloughed  sn<l  the  underlying  Intact  epithelium 
sufficiently  keratinized  so  that  It  would  not  break 
down  when  the  patient  was  allowed  to  be  ambulatory.  •**' 

Third  Degree 

The  eschar  overlying  the  lesion  had  sloughed  and 
the  earlier  underlying  ulceration  extending  Into  the 
subcutaneous  tissue  was  covered  by  Intact  new  skin 
mifflciently  keratin) sed  so  ae  to  allow  the  patient 
to  be  ambulatory. 

1.  Fourth  Degree 

No  healing  time  could  be  determined  since  healing 
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of  these  lesions  had  to  be  dependent  upon  the  time 
that  elective  surgical  intervention  Mas  instituted. 

as  r/mimos’  of  factors  that  h\t  alter  the  dryiho  jwd 

jgJOIKG  TiVoS  OF  fc'HOSVDITS  LSSICTS 

A.  Degree  of  Injury  and  Anateeieal  Site 

The  anatomical  sit*  of  tin.  injury  and  its  degree 
of  severity  must  be  considered  When  evaluating  the 
different  drying  tines  of  vesicles.  The  mean  tine 
required  for  the  drying  of  vesicles  of  second  degree 

. frostbite  wts  12.2  days  for  injuries  of  the  feet  alone. 
10.2  days  for  feet  aftd  bends  combined  in  the  sane 
patient  and  13.9  days  for  injuries  of  the  hands  alone 
(Table  5).  Comparisons  between  these  moans  showed  them 
not  to  be  el(7\iflenntly  different.  The  near,  vesicular 
drying  tLaus  for  hands  and  feet  with  third  degree 
lesions  were  not  significantly  different.  There  was. 
howowr.  a significant  difference  between  the  drying 
tla*  of  second  and  third  degree  vesicles  of  the  feet 
but  not  in  the  ease  of  hands. 

It  was  concluded  from  the  results  of  the  comparisons 
shown  in  Table  5.  that  the  drying  tine  of  ve.  :elea 
depended  upon  the  degree  of  injury  and  not  upon  the 
anatomical  site. 

The  tirae  required  for  healing  of  frostbite  lesions  also 
was  evaluated  according  to  their  anatomical  site  and 
degree  of  severity.  The  mean  healing  I;.-  for  feet 


TABLE  5 

5MPARI30N  OP  MEAN  DRYING  TOE  OF  VESICLES  FOR  227  CASES 
OP  FROSTBITE  WITH  RESPECT  TO  CEGREE  OF  INJURT  AND 
ANATOMICAL  SITE  OF  DfVOLVBCMT 


Slto  of 

Ho.  of 

Kean  Drying 

Standard 

I Involve- ent  ICa^s 

T>e  ( H - vs  ) 

Poviatior 

Feet 

99 

12.2 

i 7.2« 

H-rds 

13 

11.9 

t 6.51 

Feet 

99 

12,2 

£.  7.23 

Ft  at  & Kcndn 

17 

10.2  _ 

- 1 t.9t 

Feet 

66 

19.9 

i 9.50 

Hands 

12 

lit* 

110.20 

Feet 

99 

12.2 

T 7.28 

F-v.'t 

19.9 

I 9-50 

Hands 

33 

13.9 

^t.5l 

JL'nds 

12 



♦10.20 

5.551  <.001 


lrraapeetlvc  of  degree  of  Injury  was  36  days.  which 
proved  to  be  slcUficantly  longer  than  the  coin  of  2A.I 
days  for  hinds  (Table  6).  When  the  hands  and  feet  were 
grouped  together  the  man  days  required  for  healing  of 
first  degree  was  £1.3  days,  second  degree  23.7  days  und 
third  degree  53.0  days*  Thera  was  r.o  significant  dif- 
ference between  the  mean  healing  tine  of  first  and  second 
degree  lesions.  There  was.  however,  a significant 
difference  between  first  and  third,  and  second  and  third 
degree  lesions.  CoT.parlsans  between  nean  healing  tines 
of  hands  and  feet  within  the  sar.e  degree  of  injury  showed 
that  only  in  second  degree  was  there  .1  significant  dif- 
ference. Froa  these  corpirisons  in  addition  to  others 
in  Table  6 it  was  concluded! 

1)  Second  degree  frostbite  of  th»  feet  takes  longer  to 


heal  than  do  hand  lesions  of  like  degree; 

2)  The  healing  tine  of  first  and  second  degree  lesions 
regardless  of  anatoateal  alte  are  not  significantly 
different. 

3)  The  healing  tine  fer  third  degree  lesions  of  the  feet 
* was  significantly  longer  than  for  first  end  second 

degree. 

TABLE  6 

COMPARISON  OF  KEAN  HFJUJi;3  TRS  FOR  318  CASKS  OF  FIRST,  SEOOND 
AND  THIRD  DECREE  FUttfiUTS  OF  THE  FEET  AND  HANDS 


Degree  of 
—Ziijxjc 

Fart 

Involved 

Ko.  of 

C.-aes 

He  w Healing 
Tire  (D'.-s) 

Standard 

Deviation 

t 

F 

Coiulr.cd 

Ov-hlntl 

First 

Second 

Feet 

I'm-.Is 

222 

__J  9_ 

35.0 

?4.6 

♦21.06 
.*12.95 

5.267 

<.001 

Cca'alncd 

fo  M,-,  • > 

2tr 

..it; 

21.3 

23.7 

13-3.51 
♦ 9.95 

1.019 

>.30 

Flrjt 

'Third 

Stcc.id 

Third 

Corvl.lt  - .1 
Coch'.v  » 

it 

JO? 

21.3 

53.0 

~if3.51 
♦21.  *0 

10.608 

<.001 

CcnVitivd 
Cr- lined 

173 

1C;? 

23.7 

53.0  _ . 

1 9.95 
♦21  .to 

13.396 

<.001 

Firjt 

S ' cor'd 

Fe-jt 

>v*t 

23 

10*, 

21.5 
2'. 3 

iiA.60 

♦10.33 

1.599 

>.20 

Fir?t 

Third 

Feet 

F?:t 

23 

s? 

20.6 

__53j.2 

£It.t»o 

*70.17 

9.345 

<.001 

Second 

Third 

Feet 

Feet 

10!, 

90 

25.3 

53.2 

iio.33 

7-3.17 

11.026 

<.001 

First 

Second 

Hands 

H.*»nd!t 

u 

_ ',9 

22.8 

21.7 

£L1.13 
i 8.0?  . 

0.190 

>.eo 

First 

Third 

Hands 

lirr.ds 

*» 

6 

22.8 

48.0 

m.13 

7J>5.46 

2.142 

>.05 

Cceor.l 

Third 

Hands 
Hand  s 

49 

6 

21.7 

4<?.o 

f 8.07 
721.’.6 

2.518 

<.02 

First 
FI  ret 

Feet 
Hr  .-.  Is 

.13 

6 

20.5 

??.8 

IH.-O 
7-11.13 

0.345 

>.60 

Sccono 

S«cc>-i 

r e*:t 

ia 
49 

25.  J 

'U 1 

IlQ.33 
7.  9.07 

2.372 

<.02 

Third 

Jh'-Si 

rret 

I!-.’.-!') 

W 53.2 

6 ’.3.0  " 

— 0.17 

-Ja2itk<L_ 

0.406 

>.60 
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Cm  drying  tins  and  healing  time  in  second  and  third 
degree  frostbite  were  evaluated  with  respect  to  race, 
anatomical  site  and  degree  of  Injury*  The  mean  days 
required  to  dry  second  dogree  vesicles  of  the  feet 
for  the  Whites  was  12.6  and  for  the  Negroes  12.8  (Table  7). 
Second  degree  vesicles  of  hands  had  a mean  drying  tine  in 

e 

Whites  of  14.2  days  and  in  Negroes  13*8  days.  The  third 
degree  lesions  of  feet  had  a mean  vesicular  drying  ♦ 
for  Whites  of  17.8  days  and  Negroes  21.1  days.  V in  the 
degree  of  injury  was  kept  constant  comparisons  of  the 
above  means  between  race  and  anatomical  eites  yielded 
po  statistically  significant  differences.  The  only 
significant  changes  In  drying  time  occurred  between  degree 
of  injury.  The  fa-tor  of  race  did  not  influence  the 
drying  tira  of  vj-iiclc.i  of  frostbite. 

To  elicit  racial  differences  in  the  healing  times 
142  White  and  136  Negro  frostbito  cases  were  compared 
(Table  8).  Regardless  of  anatomical  site  or  degree  of 
severity  of  frostbite  lesions  the  mean  healing  time  for 
Negro  soldiers  was  significantly  higher  than  for  the  White 
soldiers.  The  explanation  for  this  difference  may  be 
found  In  Table  2 where  it  has  been  shown  that  the  Negro 
soldiers  incurred  higher  percentages  of  third  and  fourth 
degree  frostbite.  There  were  no  significant  differences 
in  healing  times  betwe-n  the  races' when  comparisons  were 
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TABUS  7 

COMPARISON  OF  THE  KEAN  DRTIRG  TIKE  OF  VESICLES  FOR 
196  CASES  OF  FROSTBITE  OF  TOE  FEET  WITH  RESPECT  TO 
DECREE  OF  INJURT,  RACE,  AND  SITE  OF  DtVOLVBGUT 


Degree 

of 

.Injury 

Site 

of 

Involvement 

Race 

No. 

of 

Cases 

Kean 

Drying 

Time 

(Days) 

Standard 

Deviation 

t 

P 

Second 

Second 

Feet 

Hands 

White 

Write 

61 

17 

12.6 

U.2 

- 6.50 
£ 7.09 

0.853 

>.30 

Second 

Third 

Feet 

Feet 

Write 

White 

61 

23 

12.6 

17.8 

j 6.50 

-7.90 

2.801 

<.c: 

Second 

Second 

Feet 

Hands 

Negro 

38 

1? 

12.8 

13.8 

- 6.99 
1 6.86 

0.456 

>.60 

Second 

Third 

Feet  j.Tecro 

Feet  |K'  *ro 

38 

62 

12.8 

21.1 

- 6.99 
110.28 

4.263 

<.001 

Second 

Sccord 

SeeonJ 

S-ccn-l 

Feet  J.nits 

Feat  I’Je-ro 

6I~ 

_ja 

12.6 

12.8 

T6.5O 

16.99 

0.160 

>.eo 

Hands  |r  iiite 
Htrds  . ITr  •■’•o 

17 

1? 

U.2 

_!3-8 

L7A)9 
1 6.86 

O.UO 

>.00 

Third 

Third 

Foot 

Feet 

V ~a*0 

23 

*2 

17.8 

21.1 

T7.VO 

110.28 

1.470 

>.10 

. 

Second 

Foot 

Hrr.ds 

..Lite 

--r-o 

61 

15 

12.6 

13.8 

1 6.50 
1 6.86 

0.600 

>.50 

Seccn i 
Saeor.d 

Hands 

Feet 

\.\St9 
"•*  *ro 

17 

38 

U.2 

12.8 

"1  7.C9 

1 6.e? 

0.680 

>.40 

Second 

Third 

Feet 

Feet 

White 

**  ..  --  -i 

i'.  .70 

61 

_«l2 

12.6 

21.1 

1 6.JO 
110.28 

4.760 

<.001 

Second 

JMrd 

Hands 

Feet 

W:\ite 

,f?ggro 

17 

U2 

U.2 

21.1 

“T7.&9 

110.23 

2.805 

<.01 

made  of  frostbit*  lesions  having  like  degrees  of  injury 
and  anatomical  sites  of  involvement.  This  was  also 
the  ease  when  the  racial  compart sons  were  made  between 
lesions  of  like  degree  irrespective  of  anatomical  site. 
Earlier  evaluations  (Table  6)  showed  that  irrespective 
of  race  there  was  a significantly  shorter  healing  time 
for  second  degree  frostbite  of  the  hands  as  compared  to 
like  lesions  of  the  feet.  However,  when  these  same 
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comparisons  were  made  with  respect  to  race  the  Negro 
patients  failed  to  show  a significant  difference.  The 
healing  time  of  a frostbite  lesion  was  not  dependent 
upon  the  race  of  the  patient. 


TABUS  8 

COMPARISON  OF  HFJL’i  HEALING  TIME  FOR  278  CASES  OF  FROSTBITE 
WITH  RESPECT  TO  DEGREE  OP  INJURT,  ANATOMICAL  SITE  AND  RACE 


# 

Kean 

Degree 

No. 

Healing 

• 

of 

Part 

of 

Tine 

Standard 

InJycr— 

P.-'CO 

Injured 

Cases 

Jfi-rfiLl 

Deviation 

t 

P 

Combine-1 

White 

Combined 

1A2 

30.6 

♦17.97 

2.865 

<.01 

Combined 

Coined 

126_ 

37.2 

*21.69 

First 

...\ile 

Combined 

19 

21.3 

116.56 

0.051 

>.90 

First 

Me'ro 

Combined 

12 

21.5 

1 9.69 

Second 

• hite 

Co: -.hired 

66 

23.9 

1 9.33 

0.656 

>.60 

S-.  cord 

X-.:  ~ ro 

Cc*\ 

66 

?6.7 

.*10.33 

Third 

hite 

Oo.-.ir.cd 

37 

50.1 

119.52 

1.119 

>.20 

Third 

Ccr  bir.rd 

5.3 

56.8 

120.63 

First 

Ifni  to 

Feat 

18 

21.9 

116.EO 

0.622 

>.60 

First 

Feet 

9 

19.7 

110.37 

Second 

.'iJLtc 

feet 

4l 

25.3 

1 9.72 

0.038 

>.90 

Second 

Ve;-ro 

F??t 

63 

25.; 

111.13 

Third 

i to 

Feet 

36 

50.6 

119.73 

1.156 

>.20 

Third 

Xcrro 

Feet 

. . 53 

55-3 

120.31 

Second 

hite 

Hands 

25 

20.6 

- 7-69 

1.308 

>.20 

Second 

!r*:“*:ro 

Haris 

23 

23.5 

1 3.90 

Second 

.91  te 

Feet 

~il 

25.3 

1 9-72 

2.515 

<.02 

Second 

.■■ilt.e 

H-.-rfs 

25 

20.6 

1 7.69 

Second 

Feet 

63 

25-3 

111.13 

0.716 

>.60 

Second 

Xjr.ro 

Nandi 

23 

23.5 

1 8.90 

C.  Duration  of  Exposure 

The  duration  of  cold  exposure  of  the  frostbite  casualties 
was  evaluated  so  as  to  determine  its  influence  upon  the 
clinical  course  of  the  injury.  The  duration  of  exposure 
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was  defined  as  the  number  of  hours  the  patient  was 
exposed  to  a low  ambient  temperature  during  wnich  time 
he  developed  a cold  injury.  The  onset  of  exposure  was 
considered  that  time  when  the  soldier  either  became 
immobile  (pinned  down)  or  noted  the  onset  of  numbness 
of  an  extremity  which  subsequently  showed  positive  si&is 
of  frosttite.  In  order  to  measure  exposure  time  on 
the  basis  of  numbness,  this  complaint  cast  have  progressed 
to  a state  where  the  area  of  Involvement  Imparted  to  the 
soldier  the  sensation  of  "leing  like  -a  block  of  wood". 

Exposure  to  cold  was  terminated  at  the  time  the 
Immobile  (pinned  down)  soldier  became  mobile  (walking)* 
and/or  when  the  nuntness  of  the  Involved  extremity 
disappeared. 

An  attempt  was  made  to  divide  the  cases  into  two 
equal  groups  so  as  to  illustrate  the  existence  of 
differences*  if  any*  in  the  drying  time  and  healing  time 
of  frostbite  lesions  in  relation  to  duration  of  exposure. 
Since  the  most  nearly  accurate  desi;7.ition  of  exposure 
tine  was  in  intervals  of  U hours  the  closest  group  which, 
would  contain  5C,»  of  the  cases  was  0 to  8 hours.  Actu- 
ally 62.?^  of  the  716  cases  of  frosttite  were  represented 
by  the  ex;  o sure  interval  up  to  and  including  8 hours. 

Tr.e  cold  exposure  tine  for  ?16  cases  Of  second  and 
third  degree  frostbite  ranged  between  1 and  72  hours. 
Hegardloss  of  duration  of  exposure  t*.e  mean  drying  time 
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of  vesicles  among  second  degree  frostbite  eases  was 
significantly  shorter  than  for  cases  of  third  degree 
(Table  9).  The  mean  vesicular  drying  time  for  patients 
with  second  degree  frostbite  who  had  a cold  exposure 
of  0 to  8 hours  was  11.8  days.  This  drying  tine  was 
significantly  lower  than  the  mean  drying  time  of  14.6 
days  attained  by  cabas  of  like  degree  of  injury  but 
with  an  exposure  time  of  8.1  to  72  hours.  In  third 
degree  frostbite  there  was  no  significant  difference 
between  the  mean  drying  time  of  vesicles  with  a cold 
exposure  of  1 to  8 hours,  and  those  with  an  exposure  of 
8.1  to  72  hours.  Second  degree  vesicles  resulting  from 
a cold  exposure  of  8.1  to  72  hours  required  almost  as 
such  tima  to  dry  as  did  third- degrso  vesicles  with  a 
1 to  8 hour  exposure.  The  conclusions  derived  from 
Table  9 were* 

1)  Ths  drying  time  of  second  degree  vesicles  was 
dependent  upon  the  duration  of  exposure,  i.e., 
the  longer  the  exposure,  the  greater  was  the 
vesicular  drying  time. 

2)  The  drying  tine  of  third  degree  vesicles  was  not 
altered  by  the  different  duration  of  exposures. 

The  time  required  for  the  healing  of  213  cases  of 
frostbite  of  the  feet  kps  also  evaluated  according  to 
the  length  of  cold  exposure.  The  only  significant 
prolongation  of  healing  as  a result  of  an  increase  in 
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TAELS  9 

COMPARISON  OF  MEAN  DRYING  TIME  OF  VESICLES  FOR  216  CASES 
OF  FROSTBITE  WITH  RESPECT  TO  DEGREE  07  INJUR! 

AND  IKE  DURATION  OF  COLD  EXPOSURE 


Degree  of 

Exposure  Time 

No.  of 

Mean  Drying 

Standard 

Iniunr 

(Hours) 

Cases 

Tice  (Dars) 

Deviation 

t 

P 

Second  ' 

0 



72 

142 

12.7 

26.59 

5.335 

<•001 

Third 

0 

• 

72  

74 

19.4 

♦9.61 

Second 

0 

- 

8 

97 

11.8 

" io.33  ~ 

2.312 

<.02 

Second 

8.1 

- 

72 

45 

14.6 

Efi.76 

Third 

0 

- 

8 

41 

17.9 

19.39 

1.525 

>.10 

Third 

8.1 

• 

72  .... 

33 

21.2 

29.56 

Second 

0 

- 

8 

97 

11.8 

26.33 

3.776 

<.001 

Third 

0 

- 

8 

41 

17.9 

29.39 

Second 

0 

_ 

8 

97 

11.8 

io.33 

5.274 

<.001 

Third 

8.1 

- 

72 

33 

21.2 

29.56 

Second 

8.1 

• 

72 

45 

14.6 

1.841 

>.05 

Third 

0 

- 

8 

41 

17.9 

Second 

8.1 

- 

72 

45 

14.6 

16.76 

3.413 

<•01 

Third 

8.1 

31 

-JO..- 

21.2 

29.56 

exposure  tiao  occurred  in  second  degree  frostbite  lesions 
of  ti.e  feet  (Table  10).  The  nean  healing  tine  of  these 
lesions  resulting  froa  a 1 to  A hour  exposure  uas 

24.1  days,  as  compared  to  a uses  of  28.8  days  for  the 

8.1  to  72  hour  exposure  group. 

First  degree  frostbite  lesions  of  the  feot  resulting 
from  a cold  exposure  of  8.1  to  72  hours  required  alaost 
as  much  time  to  heal  as  did  second  degree  lesions  with 
an  exposure  of  1 to  8 hours.  On  the  other  hand, 
first  degroe  lesions  of  the  feet  of  the  1 to  8 hour 
exposure  giwp  had  a mean  healing  tiae  of  19.1  days, 
which  was  significantly  shorter  than  the  8.1  to  72  hour 
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?*rut  10 

A COMPARISON  OF  K- AN  HEALING  TIKES  OF  213  CASES 
OF  FROSTBITE  OF  TICE  FEET  WITH  RESPECT  TO  DECREE 
OF  INJURY  AND  DURATION  OF  GOLD  EXPOSURE 


Degree)  Exposure 
of 


I>XlM5jSI 


Standard 

Deviation 


0-72 
2 


Sccondl 


First  | 0-8 

First 


Third 

Third 


First 

Second 


first 

Second 


first 

Second 


First 

Third 


First 

Third 


Second 

Third 


Second 

Third 


►? JM 


- 8 
- 8 


first  0-8 
Second  8.1  - 72 


- 8 
- 8 


8.1  - 72 


Ufyj 


110.39 


vm% 


1.637 

>.10 

9.142 

<.001 

U.363 

<.001 

0.557 

>.60 

2.026 

<.05 

0.368 

>.70 

1.910 

>.05 

3>'V 

<.01 

9.329 

<-001 

8.114 

<.001 

0.178 

>.00 

0.872 

>.30 

4.177 

<.001 

4.176 

<.001 

9.515 

<.001 

7.820 

<•001 

6.982 

<.001 

6.076 

<.001 

second  degree  lesions  of  the  feet  whose  neon  was  28.8 
day;.  These  differences  in  healing  times  of  first  and 
second  degree  frostbite  of  the  feet  were  not  evident 
in  the  other  types  of  comparisons  shown  in  Tables  6 and 
8.  The  different  cold  exposure  times  did  not  signifi- 
cantly alter  tho  mean  healing  times  of  first  and  third 
degree  frostbite  of  the  feet.  It  is  postulated  that 
because  of  prolonged  cold  exposure  first  degree  lesions 
of  the  feet  were  almost  identical  to  second  degree 
lesions  with  regard  to  their  rate  of  healing,  although 
tissue  changes  indicative  of  second  degree  were  not 
present. 

The  healing  time  of  53  cases  of  frostbite  of  the 
hands  were  compared  on  Che  basis  of  their  degree  of 
severity  and  duration  of  exposure  (Tabic  11).  Hegard- 
less  of  tho  degree  of  injury  the  healing  time  of  hand 
lesior.s  resulting  from  an  exposure  of  1 to  8 hours  was 
not  significantly  different  than  those  cases  with  a 
cold  exposure  of  8,1  to  72  hours.  Forty-five  cases 
with  second  degree  of  the  hands  with  an  exposure  of 
1 to  3 hours  had  a mean  healing  time  that  was  not 
significantly  different  from  three  cases  with  an 
exposure  of  over  8 hours.  The  comparisons  of  healing 
times  for  hands  aa  shown  in  Table  11  indicate  that  the 
duration  of  exposure  was  not  an  influencing  factor  in 
the  healing  of  this  type  of  frostbite  injury. 


TABLE  U 

COMPARISON  OP  MEAN  HEALING  TIKES  OF  58  CASES  OF 
FROSTBITE  OF  TICS  HT'DS  WITH  RESPECT  TO  DECREE 
OF  INJUR!  AND  DURATION  OF  OOLD  EflOSURZ 


a 

• 

O 

>.80 

.2.1/, 2 

>.05 

2.A93 

<.02 

0.200 

V 

3 

1.196 

V 

• 

o 

V* 

D.  Katlods  Used  to  Revsrri 

The  four  different  methods  th.it  were  used  by  the 
Individual  soldiers  or  bAttalion  surgeons  to  rewarat 
frostbitten  parts  were*  walking,  exposure  to  an  open 
fire,  aa s sage  and  exposure  to  a room  temperature 
environment  (70*-78*P.).  The  majority  of  cases  were 
rewarded  by  one  of  the  first  three  methods  prior  to 
being  seen  by  the  battalion  surgeon  (Table  12).  Of 
the  three  methods  used  by  the  individual  soldiers  to 
aeeemplish  rewarding,  walking  was  considered  to  be 
the  cost  traumatic  to  the  pre-hyperemic  cold  Injured 
lower  extremity.  Cases  of  frostbite  of  the  feet 
rewaraed  by  massage  or  exposure  to  an  open  fire 
usually  did  not  give  a history  of  trauma  by  walking 
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TABLE  12 

METHODS  OF  kEWAIMNG  EJtPlOYED  ST  561  CASES  OP  PROSTBITE 
OP  THE  FEET  ACCORDING  TO  DECREE  OP  1NJURI 


I Walking 


[Or-n  Fir* 
tlarsare 


Methods  of 
Planning 
Uend 


, J~ Sn.ccnd J _ Tp.ird. 


ROC'S  Tt-nparn  ture 
Expo  sura 

X2Qlz7r>lU 


[Hot  Water  Sorfca 
.Snow 


Cold  Water  Soaks 


Total 


|y>r»«  of  Injury 


J?MsZ I 
J7  '?1.7| 139 
-OJ^.O  LM 


k2  !?«.# 

JX 1*a 

" 0_.p, 

0.6 


21,0 


99.9 


171 


1CO.G 


A 

J! 

V 


I25.G 

22a* 


» 


124 


Fourth 


:.'o. 


29.0 


IZsZ 


Ol  0 


99.9 


IS 


26 


DiD 


Total 


x 


19.? 


!\2?l 


23.0 

7.71001  23.2 
11.5(1391  ?■/.. 0 


flsiJ 


m 


Z7,JL 


99.9 


561 


0.2 


100.0 


to  the  pre-hyp* re-ale  lower  extremity.  Revnrotng  of 
lower  extremities  by  neons  of  rooa  temperature  exposure 
Of  70*  to  70*  P*  usually  teolc  place  la  the  pi*  toon  warm -up 
bunkers  or  tho  battalion  aid  station.  The  majority  of 
patients  with  lowsr  extremity  lnvolvcasnt  who  were 
rewarsed  by  this  method  were  transported  to  a rooa 
temperature  environment  on  a litter  which  obviated  tho 
traumatic  factor  of  walking.  The  eases  with  frostbite 
of  the  hands  utilised  either  exposure  to  open  flrea 
massage  or  a room  temperature  exposure  to  bring  about 
revamlng  (Table  13).  The  placing  of  the  hands  under- 
neath the  parka  next  to  the  tody  was  considered 
e<iuivalent  to  a room  temperature  exposure  and  was  so 
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TABLE  13 

HETKOOS  0?  REVAP.MING  EVICTED  BT  99  CASES  OF  FROSTBITE 
OF  TIE  HARDS  ACCORDING  TO  DEGREE  OF  EIJURT 


Methods  of 
Rowarming 
Used 

Degree  of  Ir. 

Jury 

First 

ond 

fnird 

Fourth 

Total  1 

’■’0. 

r 

!o. 

IT 

1*0  0 

rT~ 

.* 

Ho  J 

* 

Ko » 

in 

Valkinit 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Or,'n  Flro 

0 

27.6 

U 

27.1 

1 

)/..? 

0 

0 

-25.3. 

f'seesge 

11 

A M 

1? 

22.0 

1 

14.3 

1 

25.0 

26 

26.3 

Foe  .3  Temperature 
Exposure 

(70*-?d*  F.) 

8 

27.6 

SSL 

_2?.o 

4 

-iTJ- 

J5 

75.0 

?8 

3R.4 

Rot  r-.ter  Soaks 

2 

6.9 

L£3 

0 

fe.5 

0 

0 

0 

0 

7 

7.1 

Tow 

0 

0 

0 

1 

U.3 

0 

0 

1 

1.0 

Cold  Water  Soaks 

0 

0 

2 

3.4 

0 

0 

0 

0 

2 

2.0 

Total 

29 

100.0 

59 

1CO.O 

7 

100.0 

4 

100.0 

99 

100.1 

designated.  Shortly  aftor  completion  of  rewarding  the 
patient  usually  notrd  one  or  no  re  of  the  following  signs 
or  symptoms:  burning,  stinging  aching  pain,  paresthesias, 

edema,  hyperemia  or  reside  formation. 

Table  14  shows  comparisons  of  the  mean  drying  times 
of  vesicles  for  215  cases  of  second  and  third  degree 
frostbite  according  to  the  method  that  was  U3ed  to  rewarm 
the  cold  Injured  part.  The  mean  drying  times  of  second 
degree  vesicles  were  rot  significantly  altered  by  any 
single  method  of  reversing.  The  means  ranged  from  11.5 
to  13* L days.  Those  third  degree  cases  revarned  by  a 
room  temperature  exporire  reejuired  a mean  of  13.0  days 
to  complete  the  drying  of  their  reticles.  This  mean  was 
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COMPARISON  OF  KEAN  DRYING  TIME  OF  VESICIE*  FOR 
21*5  CASES  OF  FROSTBITE  WITH  RESP^T  ™,^CRa' 
OF  INJURY  AND  METHODS  USED  TO  RBJARM 


Degree 

of 

J^jury 

Second 

Hethods 

of 

R^vrnming 

All 

All  J 

No.  1 

of  J 

C-.ncd 

Moan  Drying 

Tir.e  (Dny3l 

Standard 

Deviation 

t 

P 

<.001 

142 

7? 

12.7 

19.2 

♦ 6.55 

* 9.62 

5.221 

Second 

Second 

Second 

Second 

Second 

Walking 

20 

40 

11.5 

12.5 

i 4.98 

_A_M2_ 

0.636 

>.40 

Walking 

Room  T<— .rt.  E*®- 
•Walking 

20 

V5 

11.5 

11.4 

♦ 4.93 
*6.61 

1.292 

>.10 

20 

17 

11.5 

12.7 

1ft. 93 

J&OL- 

0.899 

.. 

>.30 

Second 
S egond 
"Second 
Second 
Second 
Second 
"TUrt 

Open  Fir* 

40 

y 

12.5 

11.4 

L 7-02 
♦ 6.61  _ 

0.626 

>.50 

Open  Fir* 
vp  5 r c Vi 

" :»e~n  iVep.  E-cp. 

to 

37 

12.5 

12.7 

♦ 7-02 

♦ 6.63 

0.179 

>.80 

. ■/*!■ 
t5l 
1? 

13.4 

12.7 

676l 

♦ 6.63 

0.440 

>.60 

Viiking 

18 

21 

19.7 

22.6 

I 8.10 
♦10.61 _ 

0.96? 

>.30 

"Third 

J]drd_ 

Third 

Walking”" 

it) 

8 

19.7 

11.0 

“♦.  8.20 
,_?•  9M 

1.715 

>.05 

Walking 

18 
2 6 

19*7 

18.0 

♦ 8.10 
♦nJJi 

0.64C 

>.50 

Third. 

Third 

JhinL. 

"Third 

RaO’J  Temp.  Ex?- 

■ 8 
21 

13.0 

72.6 

1 9.60 
♦10.61 

2.34C 

<•05 

T&np«  Exp* 

8 

26 

13.0 

18.0 

“ F9.6O 
♦ 8.76 

1.374 

>.10 

rnira 

Tliird 

Open  Fire 

21 

76 

22.6 
13.0  .. 

il0.61 

1.58* 

>.10 

Tntri 

Third 

Soeorc 

Third 

Score  Terap.  Sep 

8 

20 

13.0 
11.5  . 

1 9.60 

91_ 

0.43! 

>.60 

haven  Tcr.p.  £p 

8 

46 

13.0 
11.4  . 

i 9.60 
♦.  6.61 

0.10' 

J >.90 

"Third 

S-eor.r 

"Third" 

Secern 

K*«  Ter-p.  Evp 

8 

40 

13.0 

12.5 

• 9.60 
♦ 7.02 

0.15! 

>.80 

J 

1 

J 

Boos  Tn-v-p.  Exp 
i Hass nee 

3 

.—21 

13.0 

12.7 

' ♦ 9.60 
♦ 6.68 

0.07 

5 >.90 
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lover  than  the  means  obtained  for  the  patients  who  war* 
revarmed  by  either  walking,  open  fire  exposure  or 
massage.  However,  only  In  the  comparison  between  the 
vesicular  drying  times  of  the  room  temperature  exposure 
and  open  fire  exposure  groups  was  there  a significant 
difference.  Comparisons  were  also  made  between  the 
mean  drying  time  of  vesicles  of  third  degree  lesions  of 
the  room  temperature  exposure  group  and  all  those  of 
second  degree  rewarding  groups.  These  comparisons  show 
that  the  vesicular  drying  time  In  third  degree  lesion* 
rewarred  at  a room  temperature  exposure  were  not  signifi- 
cantly different  from  the  mean  drying  time  of  tho  second 
degree  lesions  regardless  of  the  type  of  rewaralng. 
Therefore,  on  the  basis  of  the  vesicular  drying  time  In 
third  degree  frostbite,  the  boat  method  of  rewarding  was 
a room  temperature  exposure  of  70*  to  73*F.  and  the 
poorest  was  exposure  to  an  open  fire. 

The  mean  healing  times  for  212  cases  of  frostbite 
of  the  feet  were  determined  in  accordance  with  the 
method  of  rewarding  that  was  used  by  each  patient. 

The  mean  healing  tine,  regardless  of  degree  of  Injury, 
for  each  of  the  following  rewarding  groups  was* 
walking  UJ.9  days,  open  fire  exposure  35«8  days, 
massage  35*7  days  and  room  temperature  exposure  23.1 
days.  The  room  temperature  exposure  group  took  a 
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significantly  shorter  period  of  tins  to  heal  than  did 
ary  other  group  (Table  15).  The  healing  time  of  first 
degree  frostbite  of  the  feet  when  categorized  according 
to  methods  used  to  revarn  after  injury  ranged  from 
15*4  to  J5.0  days.  Cceparisors  of  the  four  rewarming 
groups  in  first  degree  frostbite  showed  no  statistically 
significant  differences  in  the  mean  healing  times. 
Similar  comparisons  of  the  healing  time  of  second  degree 
lesions  of  the  feet  with  respect  to  tho  method  employed 
to  rtwarm  the  injured  part  showed  no  significant  dif- 
ferences. The  ranges  of  the  means  in  second  degree 
wore  22.9  to  26.8  days. 

Eighty-six  patients  with  third  degree  frostbite  of 
the  feet  when  grouped  according  to  the  type  of  rc warm- 
ing used  had  the  following  mean  healing  tineas  walking 
61.2  days,  massage  53*9  days,  open  fire  exposure  49.7 
days  and  room  temperature  exposure  38.4  days.  The 
mean  healing  tine  for  third  degree  frostbite  of  the 
feet  when  rewarned  by  rooo  temperature  exposure  was 
significantly  shorter  than  the  him#  needed  for  feet 
with  a like  degree  of  injury  when  other  methods  such 
as  walking,  exposure  to  an  open  fire  or  sassage  were 
used.  The  mean  healing  tine  for  third  degree  frostbite 
of  the  feet  rewanned  by  exposure  to  an  open  fire  was 
significantly  shorter  (11.5  days  less)  than  the  time 
required  by  those  cases  who  attained  revaroing  by 
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TABLE  15 

COM? ARISON  OF  MEAN  HEALING  TIKES  OF  212  CASES  OF  FROSTBITE 
"V  THE  FEET  WITH  RES  PEST  TO  D30-SS  OF  INJURT  AND 
METHODS  USED  TO  R3.ASH  THE  INJURED  PART 


B 

Method  Used 
to  Revsrm 

No. 

of 

C3*'S 

Mean 

He  alia,  r 
Tire 

(Dw 

Standard 

Deviation 

t 

P 

First 

Second 

All  Methods  ConMnsd 

it  it  it 

m 

msS 

114.67 

1.10.33 

1.508 

>.l 

IIM» 

IIiSGlIB 

it  m n 

mm  n 

*5 

rs 

20.7 

52.’ 

114.67 

.119.95 

8.661 

<.001 

Second 

Third 

mm  «t 

n m m 

m 

25.5 

52.’ 

1 110.38 
po.55 

11.241 

<.001 

Coabi/icd 

it 

Mr.  Iking 
Or-*n  Fire 

JL 

43.9 

3c.-7 

fI2,.08 

119.43 

1.902 

>.05 

« 

« 

Walking 

Rcon  Tnoarature 

JL 

t3 

??.: 

124.03 

112.6.4 

4.217 

<.001 

m 

m 

'Walking 

Massace 

>2 

c2 

43.:- 

35." 

124. OE-1 
121,58 

1.831 

>.05 

n 

Open  Fire 
Pm  Tc.wirature 

53 

55 

35.: 

2’.1 

119.43 

.♦!2.64 

2.425 

<.02 

it 

N 

Open  Fire 

vvnir* 

53 

52 

35*^ 

119.43 

*21.53 

0.020 

>.90 

M 

It 

F:ca  'Xtffpe ratura 
i! » v*«r» 

HI 

0 4b 

112.64 

121,5.1 

2.2C6 

<.05 

First 

Walking 
On-  n fire 

5 

7 

4 c •** 

IT.*. 

175.61 
110.47 

1.285 

>.20 

Ml 

Walking 

Eon  Tc— .enrittire 

5 

S 

35.- 

15-i 

125.61 
1 9.C9 

1.650 

>.30 

LL_ 

Walking 

Massac'* 

5 

5 

35.. 

r-.i 

f2S61 

112.03 

1.201 

>.20 

BMM 

Open  Fire 

T-.r-arature 

H 

17- 

15.1 

flO.47 
1 9,0? 

0.402 

>.60 

HKjBH 

Opan  Fire 
Kassare 

H 

1 ~ • 

110.47 
112.03 

0.355 

>.70 

ft 

ft 

Eoc-n  Trrpsrature 
Mars.’.rs 

8 

5 

15.’. 

15.: 

* 9.09 

_112.oa_. 

0.706 

>.40 

Second 

it 

luSSuCHHH; 

22 

<L*-  * • 

112.13 
111  .32 

0.273 

>.70 

it 

ti 

Walking 

Ran  T'--sarature 

*1 

f.  “ e'e 

Kd  : 

EB 

>.90 

» 

»t 

’.fViVirig 

•;  n 

??.■= 

n 2.i3 
L_2Jl_ 

1.076 

>.20 

it 

•t 

Opan  Fire 
Roan  T'ans.-nture 

11 

«•>.- 

2“*u 

111.32 

JL2J* 

0.482 

>.60 

596 
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TABLE  15  (eon*t) 

CCHPARISCS  OF  MEAN  HEALING  TIKES  OF  212  CASES  OF  FROSTBITE 
or  THE  FEET  WITH  RES$>2CT  TO  DEGREE  OF  IHJURT  AND 
METHODS  USED  TO  REWARM  THE  INJURED  PART 


Degree 

of 

In.hiry 

Method  Used 
to  Re vara 

So. 

of 

Casas 

Kean 

Healing 

Tine 

(Days) 

Standard 

Deviation 

t 

P 

Second 

m 

Open  Fire 
Kir.-are 

ESI 

H&l 

0.793 

>.40 

m 

■30 \ ‘Zif'i: 

33 

25 

26.3 

22.9 

* 9.66 
.♦  9.63 

1.541 

>.10 

| Third 

Walking 
Cr;n  Fire 

25 

2? 

^Tl.2 

19.7 

.121.31 

119.10 

2.053 

<.05 

H 

Walking 

Pc -t  Toroerature 

25 

14 

61.2 

>7.4 

121.31 

4.00? 

<.001 

HI 

Walking 

K-**?ee 

25 

22 

bl.2 

53.9 

221.31 
♦21 .14 

1.169 

>,05 

Cp.. a Fire 

!>  o Te  ,.>»rcture 

25 

14 

49.7 
T9. 4 

fuMO 

2.161 

<•05 

Hi! 

C;^n  Fire 

J’-V-fl 

25 

22 

49.7 

_5.94_ 

♦iH.lO 

♦21.14 

0.732 

>.40 

HI 

HCXSXSHiHHii 

14 

22 

yiJT 
. 53. 9 

iij.9/"T 

♦21.14 

2.643 

<.02 

walking.  The  group  of  patients  revar.-.ed  by  Passage  had 
a hauling  time  vhleh  was  not  significantly  different 
fr«  third  degree  lesions  revarsed  by  walking.  It  appears 
that  the  best  nethod  of  rewarding,  as  far  as  healing  of 
third  degree  frostbite  of  the  feet  is  concerned,  was 
exposure  to  a rooa  temperature  (70*  to  78*  F.),  the 
next  best  method  was  exposure  to  an  open  fire  and  the 
poorest  was  by  walking. 

The  aean  healing  tine  for  42  cases  of  second  degree 
frostbite  of  the  hands,  with  rospect  to  the  method  of 
revanvlng  used  by  patients,  ranged  frors  19*2  to  23.4 
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days  (Table  16).  The  largest  mean  was  aaong  those  patients 
TABLE  16 

COMPARISON  OP  MEAN  HEALING  TIMES  OP  47  CASES  OP  FROSTBITE 
OP  TOE  HANDS  WITH  RESPECT  TO  DEGREE  OP  INJUPT  AND 
METHODS  USED  TO  REWARM  THE  INVOLVED  PART 


Degree  oi 

_Jn,Jurr. 

Method  Used 
to  Revsrm 

No.  of 

Cn3es 

Mean  Healing 

TL^(0.w)_ 

Standard 

Deviation 

t 

P 

Second 

Third 

Combined 

19 

42 

._  5 . 

21.7 

49.0 

i 8.04 

♦rs.89 

2.106 

<.05 

Coibined 

» 

Cp:n  Fire 
r~-a  T ovratur? 

13 

?4 

19.2 

27.96 

1^75 

;M6.P3 

2.226 

<•05 

H 

n 

Op an  Hire 
**o 

13 

10 

19.2 

23.4 

£ 6T75 
J-12^5'. 

0.951 

>•30 

n 

n 

i sort  ftaperature 
M as'-age 

24 

JO 

27.9* 
_ 23.4 

H6.C.S 
_jl.12.54 

0.860 

>.30 

Second 

* 

Op -a  Fins 
r-.rn  7'  * . 

13 

20 

19.2 

23.4 

♦ 6.75 
£ 7.»,5 

1.595 

>.10 

w 

n 

Oj  ..1  r-i.ro 

JS*  Sde-J 

13 

9 

19.2 

21.4 

£ 6.75 
*11. r 4 

0.520 

>.60 

it 

it 

L.:c  i V.  -fer.itur- 
r--r  — s 

10 

2_ 

23.4 

?l.jt 

£ 7.95 
_?«1-1-.*44 

0.454 

>.60 

‘laird 

M 

f V-.-pcraturci 
I’\”CC2 

4 

1 

51.0 

41.0 

£33.93 

j who  ha-1  rewanund  by  a rooa  temperature  exposure.  The 

i lowest  mean  of  19.2  days  was  attained  by  the  open  fire 

? 

i exposure  group.  Ccr.pariscns  of  these  neans  3hov  thea 

\ not  to  be  significantly  different.  The  healing  of  second 

I degree  frostbite  of  tho  hf-r.ds  was  not  influenced  by  the 

P 

‘ method  used  to  rut/an  the  cold  Injury. 

There  were  only  five  cases  of  third  degree  frostbite 
I of  tho  hands  who  hod  healing  tlr.ss  recorded  with  respect 

- to  tho  method  used  to  rci/ara  tho  involved  part.  No 
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conclusions  could  bs  aade  regarding  tbs  efficacy  of 
rooming  aethods  for  this  degree  of  injury* 

8.  Delay  in  evacuation  and  Medical  Caro 

The  rate  of  sound  healing  is  partially  dependent  upon 
the  presence  or  absence  of  trausa  after  the  injury  has 
bean  sustained.  Continuation  of  trains  to  ah  injury  nay 
retard  tha  process  of  heeling.  In  seoe  sounds  the  healing 
rate  also  nay  be  dependent  upon  the  tine  proper  medical 
care  ie  Instituted. 

In  frostbite  injuries  the  factor  of  trauaa  cannot  be 
eliainated  ae  long  as  the  soldier  retains  on  duty.  This 
trausa  usually  results  froa  walking  or  continuation  of 
exposure  of  the  injured  tissues  to  low  aeblent  tempera- 
tures, but  not  of  a low  enough  degree  to  produco  further 
eold  injury  to  the  alre  vly  denaged  tissues.  For  these 
reasons  tho  present  military  directives  on  cold  injuries 
state  that  early  evacuation  of  the  frostbite  casualty  to 
a radical  installation  is  nandotory.  It  Is  conceivable 
that  there  cay  be  tires  vhon  tha  success  or  failure  of  a 
eccbat  mission  will  depend  upon  whether  or  not  unit 
cerrvnders  eocply  with  such  a directive.  If  continuation 
of  travra  to  a cold  injury  docs  not  increase  tha  degree 
of  severity  of  tha  wound  or  retard  its  healing  then  a 
delay  in  evacuation  in  ordor  to  conserve  canpcfer  and 
firepower  end  complete  a successful  nisalon  cay  be 
Justified. 
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The  effect  of  continued  tratasa  to  frostbite  injuries  was 
determined  by  evaluating' the  vesicular  drying  time  and 
rate  of  wound  healing  with  respect  to  the  time  that  the 
casualty  was  evacuated  from  his  unit  to  a medical  instal- 
lation. Delay  in  evacuation  from  the  combat  unit  was 
defined  as  the  number  of  hours  that  elapsed  between  the 
accomplishment  of  rewarming  and  the  arrival  of  the  patient 
at  the  battalion  aid  station  for  medical  care.  The  delay 
In  evacuation  or  tho  duration  of  trauma  after  injury  for 
66.2  frostbite  casualties  ranged  from  0 to  504  hours.  The 
mean  delay  for  the  entire  group  was  102  hours.  A value 
of  zero  was  applicable  to  those  cases  of  frostbite  who 
were  rewsrcad  in  the  battalion  aid  station  and  then  evacu- 
ated to  a larger  medical  installation  via  litter. 

During  the  winter  of  1950*51  it  was  uncommon  for  the 
frostbite  casualty  to  be  seen  by  medical  personnel  (or 
evacuated  from  his  unit)  prior  to  rewarding.  Only  2.1£ 
of  1,3^3  frostbite  cases  were  revaraed  in  a medical 
installation.  This  same  situation  existed  during  the 
winter  of  1951-52  in  that  only  4.2^  of  662  cases  were 
rewanned  in  a medical  installation.  The  percentage 
distribution  of  562  cases  of  frostbite  of  the  feet  and 
ICO  cases  of  frostbite  of  the  hands  with  rospect  la  ties 
of  medical  care  and  evacuation  after  injury  is  shown  in 
Tables  17  and  18. 

It  is  reasonable  to  assume  that  a frostbite  casualty 
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TABLE  17 


TIME  AFTER  REWAHHIBG  ST  DECREE  OP  INJUHT  THAT  562  CASES 
OP  FROSTBITE  OP  THE  FEET  REPORTED 
FOR  MEDICAL  CARE  AND  EVACUATIOB 


i 

I 

j 


i 

I 

I 

I 

1 


} 

i 

j 

{ 

| 

i 

i 

i 

j 
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i 
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Time  Afier  Injury 
For  Medical  Care 
and  Evacuation 

f Derreo  of  In 

Jury J 

I First 

|.  Second 

i Third 

1 To  irth 

t Total  1 

fo* 

T 

Ho. 

J2L. 

NO  a 

No. 

;:o. 

Before  Rsvarslnj* 

10 

4.1 

' 1 

0.6 

7 

5-$ 

7 

26.9 

25 

4.4 

1-24  Hrs.  After 
Rev  a rr.ln<? 

'2! 

50.0 

7? 

42.9 

4? 

3*-5 

i? 

50.0 

256 

45.6 

25-XiJ  Hrs.  After 
Rev  ir-iing 

41 

16.9 

26 

i?0 

21 

16.? 

2 

7-7 

70 

16.0 

49-72  Hrs.  After 

R<n-rrotn* 

10 

4.1 

15 

8.8 

4 

7-2 

1 

7.8 

7° 

5.3 

73-90  Hrs.  Aftor 
Rcvrrs’J.n*! 

1? 

6.2 

7 

4.1 

? 

70 

1 

?.8 

?2 

5.7 

97-120  Hrs.  After 

Rs'-ric-dne 

12 

J.O 

s 

*••7 

4 

7-2 

0 

0 

24 

40 

121-144  Hrs.  After 

Rorrrnine 

_5. 

2.1 

6 

7*5 

? 

2.4 

* 

3-8 

11 

2.7 

7-14  Days  After 

If 

6.2 

22 

12.1 

12 

?*7 

3.3 

5° 

8.9 

14-21  Days  After 

R-:V’rrdns; 

1? 

5.4 

121 

7.1 

_u 

12.1 

0 

0 

to 

7.1 

Total 

J42 

100.0 

170  1C0.0 

124 

100,0 

26 

1C0.0 

562 

100.0 

should  bo  evacuated  froia  cecibat  within  24  hows  after 
injury.  For  this  reason  the  cases  were  divided  into  two 
groups  (0-24  hrs.  and  24.1  t?  504  hrs.)  so  as  to  elicit 
differences  in  the  drying  and  healing  tires  of  frostbite 
lesions  in  relation  to  delay  in  evacuation  and  medical 
care. 

In  second  degree  frostbite  the  cases  vho  were  evacuated 
within  24  hours  after  injury  had  a mean  vesicle  drying  tine 
of  11.3  days  while  patients  evacuated  more  than  24  hours 
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TABU  18 

TIKE  AFTER  REMARKING  BT  DEGREE  0?  INJURY  THAT  ICO  CASES 
OF  FROSTBITE  OF  THE  HANDS  REPORTED 
FOR  KEDICAL  CARE  AMD  EVACUATION 


Tine  After  Injury 

.. 

vree  of  Ii 

ejury 

For  Hodlcal  Care 

First 

S-*rond 

Third 

Fa 

urth 

Total 

And  Evacuation 

w5| 

nr 

wmsm. 

Ho- 

i 

INo. 

V 

Before  Pra-irrir® 

l 

?.4 

m 

1.7 

m 

n 

1 

2J.0 

3 

3-0 

1-24  lb-3.  Alter 
Pr-r-inv 

12 

M*4 

£ 

?s? 

7 

9 Zd 

3 

75-o 

_55. 

ESS 

2 i-l-.S  lira.  After 
!?-<-•  wins 

2 

6.9 

4 

6.8 

0 

9 

CL 

J> 

6 

6.0  1 

“l*9-'72  Hr s.  After 

Re-, -rain? 

4 

13.8 

- 

5.1 

0 

0 

0 

9 

B) 

Bij 

73-96  Hr s.  After 
Rovamln* 

H 

m 

n 

1 

B 

H 

9 

■ 

97-120  Hr s.  After 

n.r-'rir* 

* 

3-6 

H 

m 

B 

n 

0 

.2 

BW 

121-144  lirs.  After 
Pe-.-amln'j 

, 

3.4 

fl 

6.3 

B 

m 

0 

6 

m 

7-16  Days  Aftor 

R _*•..*  mi  p» 

b 

10.4 

? 

8.3 

0 

0 

o 

0 

8 

8.0  I 

Vj-t-21  Vi ys  Aftor 

10.6 

3 

5-1 

0 

O 

■ 

_2_ 

,,,  ,6 

m 

Total 

1 

a 

59 

LCO.O 

6 

8 

o 

B 

too.o 

100 

100.0 

after  injury  had  a scan  of  13.6  days.  Comparison  between 
these  neans  showed  that  a delay  of  core  than  2 4 hours  in 
evacuation  resulted  in  a statistically  significant  increase 
of  2 days  in  the  vesicular  drying  tire  (Table  19).  The 
aeon  vesicular  drying  tine  for  patients  with  third  degree 
frostbite  who  ware  evacuated  edthin  24  hours  after  injury 
vaa  17.3  days  e-hile  casas  of  like  degree  who  were  evacuated 
bo  re  than  21*  hours  after  injury  had  a r.can  of  20.1  days. 
There  was  no  significant  difference  between  the  above  Bears. 
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TABLE  19 

COMPARISONS  OF  KEAN  DRTBIG  TIKE  OF  VESICLES  FtS  223  CASES  0? 
FROSTBITE  WITH  RESPECT  TO  DEG  RES  OF  SEVERITI  AND  TIKE  AFTER 
INJURY  THAT  EVACUATION  AND  MEDICAL  CARE  HAS  INSTITUTED 


Degree 

Hours  After 

No. 

of 

Injury  for 

of 

Kean  Drying 
.Tine  (Cw.it 

Standard 

In.lurv 

Vodical  Cars 

Casas 

Baviatlon 

i 

P 

Second 

0 to  504 

147 

12.7 

♦ 6.57 

5.088 

<.001 

Third 

0 to  J04 

_76 

19.0 

* 9.59 

Second 

0 to  24 

•57 

11.3 

2.014 

<•05 

Second 

24.1  to  504 

_so 

13.6 

♦ 6.23 

Third 

0 to  24 

31 

17.3 

♦ 8.50 

1.338 

>.10 

Third 

24.1  to  504 

.45 

20,1 

*10,32 

Socond 

0 to  24 

57 

11.3 

♦ 6,64 

3-342 

<.01 

Thirl_ 

. 0 to  ?4  .. 

n 

17.3 

♦ 8.59 

Socond 

0 to  24 

57 

11.3 

♦ 6.S4 

5.565 

<.001 

Third 

2,4.1  to  5C4 

V 

20.1 

♦10.32 

Second 

24.1  to  504 

so 

13.6 

* 6.23 

2,209 

<•05 

Third 

0 to  24 

_ 31 

3.7.3 

♦ 8.<nJ 

Socond 

24.1  to  5C4 

so 

13.6 

♦ 6.23 

3.964 

<.001 

Thin! 

74.1  to. 504 

LL. 

20.1 

Therefore  only  the  drying  ties  of  second  degree  vesicles 
was  altered  by  a continuation  of  trauma  after  injury. 

The  mean  hcalirg  tics  for  14  cases  of  first  degree 
frostbite  of  the  feet  who  were  evacuated  within  24  hours 
after  injury  was  14  days,  while  the  mean  for  14  patients 
of  like  degree  ard  site  evacuated  more  than  24  hours  after 
injury  was  27.2  days  (Table  20l.  The  delay  in  evacuation 
and  medical  care  beyond  24  hours  resulted  in  a significant 
prolongation  of  healing  by  13  days.  This  represented  an 
increase  of  182  days  hospitalization  for  only  14  cases  of 
first  degree  frostbite  of  the  feet.  In  second  degree 
frostbite  of  the  feet  there  were  40  patients  evacuated 
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within  24  hours  after  injury  whose  rein  healing  tine  was 
23.6  days,  while  61  cases  who  were  evacuated  beyond  24 
hours  had  a aean  of  26  days.  This  wean  increase  of  2.4 
days  proved  not  to  be  significant.  In  thirl  degree  frost- 
bite of  the  feet  the  delay  in  evacuation  beyond  24  hours' 
prolong od  the  healing  4*4  nean  days  which  also  was  not 
significant.  Delay  in  evacuation  or  continuation  of  trauma 
for  store  than  24  hours  after  injury  retarded  the  healing 
of  first  degree  frostbite  of  the  feet.  It  would  appear 
that  trauna  affected  the  healing  of  superficial  layers  of 
the  skin,  but  apparently  it  exerted  no  deleterious  effect 
on  the  healing  of  underlying  tissues  when  overlying  full 
or  partial  layers  of  eplderals  had  been  destroyed  by  cold. 
Skin  destroyed  by  cold  appeared  to  fora  a protective 
barrier  for  underlying  tissues. 

A comparison  of  the  Man  healing  tires  for  58  eases  of 
frostbite  of  the  hands  with  respect  to  tlae  of  evacuation 
is  shown  in  Table  21.  There  was  no  statistically  signifi- 
cant proler.-atlon  of  healing  of  first  and  second  degree 
hand  lesions  as  the  result  of  delay  in  evacuation.  This 
lack  of  difference  in  healing  of  hands  nay  be  accounted 
for  by  the  greater  circulation  in  upper  extremities  as 
compared  to  lower  ext  renit  lea  and  by  the  case  with  which 
the  patient  was  able  to  protect  his  harvis  against  trauiaa. 
Dootgear  Worn  at  Time  of  Injury 
Three  types  of  boots  were  worn  by  the  'Jnitcd  Statis  troops 
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TABLE  21 

COMPARISON  OF  MEAN  HEALING  TIMES  FOR  53  CASES  OF  FROSTBITE  OF 
THE  HANDS  WITH  RESPECT  TO  DETRZS  OF  SEVERITY  AND  TIKE  AFTER 
INJURY  THAT  MEDICAL  CARE  AND  EVACUATION  WERE  INSTITUTED 


j during  the  winter  of  1951-52.  With  the  onset  of  cold 

weathor  in  Navtabor  1951  the  troops  changed  from  leather 
boots  to  shoepacs.  In  recesber  the  infantry  regiments 
began  substituting  a new  Insulated  rubber  boot  for  shoe- 
pacs.  Frostbite  occurred  among  soldiers  wearing  all 
three  types  of  boots,  although  the  incidence  of  frostbite 
j was  lowest  for  those  troops  equipped  with  the  insulated 

boot.  Through  intorvlews  concerning  the  bootgear  worn  by 
the  frostbite  casualty  at  time  of  injury,  It  was  found  that 
20. 8£  of  the  patients  were  wearing  sockgear  that  either 
caused  a constriction  of  the  feet  or  did  not  provide 
i adecjuate  insulation  (Table  22).  Constriction  of  the  feet 
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TABLE  22 

CONSTRICTIVE  AND  UiAD  EQUATE  INSULATIVE  CCH3HIATKW3 
OF  SOCKCEAR  WOFS  BT  553  CASES  OP  FROSTBITE  OP  THE 
FEET  AT  TDffi  OF  IJIJURT  WITH  RESPECT  TO  RACE 


Combinations  of 
Sockgear 

White 

Negro 

Total  ! 

S*o. 

~T 

No. 

$ 

Ho. 

% 

Constrictive  Co-Mr..V.ion 

M 

_&A 

21 

*0.2 

68 

12.2 

Iiv.dcni'ite  Insulation 

27 

8.3 

21 

?-3 

8.6 

Adequate  Insulation 
without  Constriction 

?.to 

78,7 

1P2 

PM 

79.2  . 

Total 

332 

100.0 

226 

100.0 

558 

100.0 

was  usually  produced  by  wearing  too  najy  socks  In  an 
attempt  to  obtain  greater  insulation  against  the  cold. 

The  rrajorlty  of  constrictive  combinations  occurred  aaong 
soldiers  wearing  the  ler.thsr  combat  boot  (Table  23). 
Inadequate  insulation  of  tbs  feet  occurred  when  soldiers 
equipped  with  ehoapsce  wers  less  than  the  proscribed  number 
of  socks,  or  they  failed  to  use  the  insole  that  is  a 
necessary  itea  for  this  type  of  bootgear. 

The  naan  tises  for  drying  of  vesicles  and  healing  of 
frostbite  wounds  of  the  feet  were  evaluated  with  respect  to 
the  type  of  boot  worn  at  tiro  of  injury  regardless  of  the 
constrictive  or  inadequate  lnsulatlve  factors.  The  mean 
tine  required  to  dry  second  degree  vesicles  of  patients  who 
wore  leather  cor.bat  boots  was  16.6  days,  while  cases  with 
like  degree  of  injury  wearing  shoepacs  had  a Bean  of  11  days. 


607 


.% 


■ .** 


*"V 


\*\*-.* 


Comparisons  of  these  two  Beans  showed  that  shoepacs  pro- 
duced a significant  reduction  of  5*6  days  in  the  drying 
time  (Table  21).  In  third  degree  there  were  35  cases 


TABLE  2U 

COMPARISON  OF  KEAN  DRYING  TIKE  OF  VESICLES  FOR  162  CASES  OF 
FROSTBITE  OF  TILS  FEET  WITH  RESPECT  TO  DECREE  OF  SEVERITY 
AND  TYPE  OF  BOOTS  WORN  AT  TIKE  OF  INJURY 


No. 

of  Mean  Drying  Standard 
Cases  Ti.no  (Day a)  Deviation  t_ 


Second 

Second 


Leather  Foots 

Shononc  s 


Third 

Leather  Saota 

35 

Third 

Sh.cinnacs 

22 

Second 

Leather  E:ots 

29 
[_  35. 

Third 

Leather  F,~»e 

Second 

LcaU.ur  h-cts 

29 

ShOf*T?lC3 

29 

Second 

Shoepccs 

T9 

Third 

Leather  Foots 

_?5 

Second 

o no t pics 

69 

Third 

Shocnr.cs 

29 

16.6 

U.O 

♦7.2G 

.♦5.03 

3-719 

<.01 

22.0 

16.3 

19.15 

rH 

to 

o 

• 

CJ 

<.01 

16.6 

22.0 

17.20 

_Jrhl'> 

3.022 

<.01 

16.3 

17.20 

_M*?3 

0.12V 

>.80 

U.O 

22.3 

15.33 

19.15 

6.915 

A 

8 

M 

U.O 

16.3 

15.33 

19.33 

2.856 

<.01 

wearing  shoepacs  who  had  a mean  drying  time  of  16.3  days 
while  In  29  patients  equipped  with  leather  boots  the  Bean 
was  22.8  days.  This  reduction  of  nean  drying  tine  by 
6.5  days  Tor  the  shoepac  group  was  significant.  The 
drying  time  for  the  29  cases  of  second  degree  wearing 
leather  boots  was  not  significantly  different  from  the 
vesicular  drying  time  attained  by  29  cases  of  third  degree 
wearing  shoepacs.  The  vesicular  drying  time  for  frost- 
bite of  the  feet  was  dependent  upon  the  type  of  bootgear 


worn  at  Ujm  of  Injury. 

Irrespective  of  degree  of  Injury  254  esse*  of  frostbit* 
of  th*  f*«t  with  respect  to  bootgear  had  the  following 
aeaa  healing  tine at  leather  boots  44.2  days,  shoepaes 

31.4  days  nd  Insulated  boots  21  days.  One  reason  for 
thee*  carted  difference*  was  that  the  nor*  severe  frost- 
bit* lesions  occurred  aeong  soldiers  wearing  the  leather 
boots.  In  first  degree  frostbite  of  the  feet  only  the 
Insulated  boot  eases  allowed  s significant  reduction  in 
healing  tin*  as  compared  to  shoepaes  (Table  25).  The 
near,  healing  tin*  of  second  degree  frostbit*  for  patient* 
wearing  leather  coobat  boots  was  31.4  days  and  for  .soldiers 
in  shoepaes.  23  days.  The  factor  of  wearing  shoepaes 
significantly  reduced  the  healing  tics  of  second  degree 
frostbite  by  8.4  days.  In  the  eccpcriaoa  of  insulated 
boots  with  shoepaes  there  was  no  significant  difference  in 
th*  healing  rata  of  second  degree  lesions.  The  reason  for 
this  lack  of  difference  is  not  known  bit  cay  be  due  to  aa 
insufficient  nuaber  of  cases  in  the  insulated  boot  group. 
The  longest  wu  healing  tics  in  third  degree  injuries 

(59  days)  occurred  in  a group  of  patients  wearing  leather 
eoebat  boot*,  while  eases  who  wore  the  shoepaes  took 

50.4  days  to  heal  lesions  of  like  degree.  The  shortest 
Man  healing  tine  for  third  degree  frostbite  of  the  feet 
was  attained  in  three  cases  who  had  worn  the  insulated 
hoots.  Comparisons  between  the  above  three  mean  healing 
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tie**  indicated  that  area  involvsnent  by  third  degree 
frostbite  was  greater  in  leather  boots  than  it  was  la 


•hoepaes  or  Insulated  boots.  The  period  of  wound  healing 
of  frostbite  injuries  of  the  feet  was  dependent  upon  the 
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type  of  bootgear  worn  at  the  tins  of  the  cold  exposure. 

If  the  & cases  of  frostbite  of  the  feet  had  worn  ahoepaca 
Instead  of  leather  boots  at  time  of  injury  there  would  have 
bean  a saving  of  1.075  days  In  the  mean  wound  heeling  tlae. 

C.  Handgear  bom  at  Tine  of  Injury 

The  front-line  troops  were  equipped  with  two  types  of 
handgear.  namely,  mittens  or  gloves.  A complete  ensemble 
of  mittens  or  gloves  consisted  of  two  parts,  an  outer 
- leather  shell  and  a woolen  Insert.  The  cases  of  frostbite 
of  the  hands  were  classified  as  to  whether  there  was 
adequate  or  Inadequate  insulation  of  the  hands  at  the  tlae 
of  Injury.  Cases  that  were  classed  as  having  adequate 
Insulation  wore  a complete  ensemble  of  either  gloves  or 
mittens.  Those  that  were  considered  to  have  had  Inadequate 
insulation  were  wearing  either  the  outer  leather  shell  or 
the  woolen  Insert  or  were  barehanded.  Jrang  177  patients 
with  frostblts  of  the  hands  27. 7%  had  inadequate  Insulation 
at  the  time  of  injury  (Table  26).  There  was  no  marked 
percentage  difference  between  the  K-Ate  and  Negro  soldiers. 

The  mean  drying  time  of  second  degreu  vesicles  for  33 
patients  with  respect  to  type  of  handgear  warn  ranged  from 
10.6  to  15.1  days.  The  typo  of  hard  gear  vom  at  the  time 
of  injury  did  not  produce  a significant  alteration  in  the 
drying  tiers  of  second  degree  vesicles  (Table  27).  Like- 
wise. eorparisons  of  the  mean  healing  times  between  cases 
of  second  ?nj  third  degrse  frostbite  of  the  hands  according 


612 


• ir- 


t'Ja «»saff5it5i 


TABLE  26 

DISTRIBUTION  OR  177  CASES  OP  FROSTBITE  OP  THE  HANDS  WITH 
RESPECT  TO  RACK  AND  TTPS  OP  HAKDCEAR  NOBS 


to  the  type  of  handgear  worn  at  the  tlr.e  of  injury 
failed  to  s!iow  significant  differences  (Table  28). 
H.  Condition  of  Extremity  at  Time  of  Injury 

The  rate  of  loss  of  tidy  heat  from  an  extremity 
during  a cold  exposure  may  be  accelerated  when  the 
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Fandrear 

Negro 

ISflH; 

USB 

TJ| 

J82B 

■Kfl 

E0H 

□□ 

Complete  gloves  or  mittens 

(Adeauate  insulation) 

i 

M 

I 

Rl 

128 

M 

Incomplete  combinations 
(Inadequate  insulation) 

31 

29.8 

18 

24.7 

49 

27*7 

Total 

104 

100.0 

73 

100.0 

177 

100.0 

TABLE  27 

COMPARISON  OP  KEAN  DRTING  TIME  FOR  VESICLES  OP 
33  CASES  OF  SECOND  DEGREE  FROSTBITE  0?  THE  HANDS 
WITH  RESPECT  TO  TIPK  OP  HJU1DG2AR  WORN  AT  TIKE  OP  IHJURT 


Type 

No. 

of 

of 

Mean  Drying 

Standard 

Hr -.d -rear 

Crises 

^jvi  aiirn 

t 

P 

Complete  Kittens 

7 

10.6 

I4.1S 

1.618 

>.10 

Cc-nlcte  OTove 

14.5 

♦6.90 

Complete  Fattens 

7 

10.6 

14.18 

1.623 

>.10 

Partial  Cc  -Mnationf 

12 

_ 15.1 

17.92 

Complete  Glove 

14 

14.5 

26.W 

0.197 

>.eo 

Partial  Combinations 

12 

15.1 

17j9  2 

Gloves  ar.d  Kittens 

a 

13.0 

ST65 

0.768 

>.40 

Partial  Combination: 

12 

15-1 

_J2s22 .. 

mm 

«*. 

r 
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TABLE  28 

COMPARISONS  OP  KEAN  HEALINC  TIME  FOR  55  CASES  OP  FROSTBITE 
OF  THE  HANDS  WITH  RESPECT  TO  DECREE  OF  INJUR!  . 

AND  TYPE  OF  HANDCEAR  NORN 


Degree 

type 

No. 

Of 

of 

of 

Mean  Days 

Standard 

Injury 

Hand pear 

Cares 

For  Healing 

Deviation 

t 

P 

Second 

Third 

All  Types 

tt  a 

49 

6 

21.7 

48.0 

♦ 8.07 

125.92 

2.473 

<.02 

Combined 

I!ittens 

13 

20.0 

no  .01 

1.745 

>.10 

It 

Gloves 

21 

28.6 

lia.33 

Combined 

Kittens 

13 

20.0 

no  .01 

- 

« 

Inadequate 

f-erbinstiens'* 

21 

23.4 

t 8.50 

1.014 

>.20 

t* 

Gloves 

^ iij 

28.6 

na.38 

m 

Inadequate 
Cn  -bir.atirris 

21 

23.4 

♦ 8,50 

1.137 

>.20 

Second 

n 

Hittens 

Gloves 

13 
17. _ 

20.0 

22.8 

£16.01 
.t  8.17 

0.851 

>.40 

Second 

Mittens 

13 

20.0 

no.oi 

It 

Inadequate 

Co’Mr'Mons 

19 

24.8 

1 7.73 

0.583 

>•50 

Second 

Gloves 

17 

22.8 

Z 8.17 

It 

Inadequate 
Ce  hi --Mens 

19 

21.8 

♦ 7.73 

0.368 

>*70 

Second 

Inadequate 

Corbin a tions 

19 

a. a 

i 7.73 

1.860 

>.05 

Third  

Gloves 

4 

_ 53,0  . 

Inadequate  combinations 


Include  those  cases  that  were 
time  of  injury. 


barehanded  at 


foot  or  hand  is  wet.  Therefore  wetness  or  dryness  could 
be  a factor  that  determines  the  eventual  degree  of  eeverity 
and  area  involvement  of  the  cold  injury,  which  in  turn 
might  well  be  reflected  in  the  rate  of  drying  of  vesicles 
and  healing  of  the  injury.  Information  based  upon  inter- 
views yielded  data  on  wet-cold  as  follows.  A foot  or  hand 
was  considered  to  be  wet  when  the  socks  or  gloves  were 
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moderately  saturated  with  either  sweat  or  external  fluids 
originating  from  wading  in  water*  standing  or  lying  on 
muddy  ground  or  fro a melted  snow. 

The  percentage  distribution  of  686  frostbite  patients 
according  to  the  condition  of  their  hands  and  feet  at  time 
of  injury  is  shown  in  Table  29.  The  percentage  of  wet  feet 


TAELS  29 

DISTRIBUTION  0?  686  FROSTBITE  PATIENTS  WITH  RESPECT  TO 
CONDITION  OF  ThSIH  FEET  AND  HANDS  AT  TIKE  OF  COLD  INJURT 


Condition  of  Extremity 

Hands 

Feet  1 

r o.  i % 

No. 

Dry 

S3. 

77.7 

219 

31.9 

Wot 

153 

22.3 

467 

68.1 

Total 

666 

100.0 

666 

100.0 

was  extremely  high  in  sp'ite  of  such  preventive 
measures  as:  frequent  inspection  of  feet  and  foot- 

gear* extra  issue  of  socks  and  insoles  to  each  soldier 
and  a mandatory  change  of  socks  and  insoles  daily. 

The  accumulation  of  sweet  was  more  pronounced  among 
those  soldiers  wearing  shoepacs  or  insulated  boots. 
Wetting  of  feet  in  leather  boots  was  usually  caused 
by  external  fluids. 

Patients  with  second  degree  frostbite  whose  injured 
extremities  were  dry  at  time  of  injury  had  a mean 
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vesicular  drying  time  of  9.8  days  while  cases  with  a wet 
extremity  had  a mean  of  13.$  days  (Table  30).  A wet 


TABLE  30 

• COMPARISON  OP  MEAN  DRYING  TIME  OK  VESICLES  FOR  225  CASES 
OF  FROSTBITE  WITH  RESPECT  TO  DEGREE  OF  SEVERITY  AND 
. CONDITION  OF  THE  INJURED  EXTREMITY  AT  TIME  OF  INJURY 


Degree 

Condition  of 

No. 

of 

Extremity  at 

of 

Mean  Dryine 

Standard 

injury 

Time  of  Injury 

Cases 

Time  (Days) 

Deviation 

t 

P 

Second 

M 

9.8 

HIM 

2.867 

<.01 

w 

13-5 

Bsfl 

Third 

it 

Dry 

Wet 

a 

55 

mm 

BBSS 

0.9017 

o 

• 

A 

Second 

Third 

ts 

It 

103 

55 

wssam 

■RXSi 

MOW 

5-957 

<.001 

Second 

t* 

103 

■m 

4.A61 

<.001 

Third 

Drv 

a 

KwBI 

Em 

Second 

H 

!|6 

■Esm 

isam 

2.853 

<.01 

Third 

» 

a 

It 

wmxmm 

mai 

\VSSSM 

Wet 

Bll 

■eessi 

BSI 

extremity  caused  the  drying  time  of  second  degree  vesicles 
to  be  increased  by  3*7  days.  The  mean  drying  time  for  third 
degree  vesicles  of  wet  and  dry  extremities  waa  18.$  and 
20.9  days,  respectively,  which  were  not  significantly 
different.  A state  of  wetness  or  dryness  of  extremities 
only  influenced  the  rate  of  drying  of  second  degree 
vesicles. 

Irrespective  of  degree  of  injury  frostbite  patients  whose 
feet  were  dry  at  the  time  of  injury  had  a mean  healing  time 
of  35.1  days  while  cases  with  wet  feet  had  a mean  of  35,8 
days  (Table  31).  Comparisons  of  the  mean  healing  times  of 
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wet  and  dry  feet  within  first*  second  and  third  degree 
frostbite  did  not  show  any  significant  differences.  The 
healing  of  frostbitten  feet  did  not  appear  to  be  influenced 
by  the  condition  of  the  lower  extremity  (wet  or  dry)  at  the 
time  of  injury.  This  might  mean  that  the  degree  of 
severity  and  area  of  involvement  in  frostbite  of  the  feet 
was  not  necessarily  predicated  upon  the  rapidity  and  duration 
of  loss  of  local  body  heat  during  the  cold  exposure. 

In  frostbite  of  the  hands  irrespective  of  degree  of  injury 
the  mean  healing  time  for  patients  who  had  dry  hands  was 
24.2  days  while  men  whose  hands  were  wet  at  the  time  of 
injury  had  a mean  of  24.7  days  {Table  32).  In  second  degree 


TABLE  32 

CGKpa: nsc:i  o.-  1-rrvi  kt.ujng  Tu.ts  fos  59  cases  of  frostbite 
OF  TiiS  livros  KITH  RSSK.CY  TO  KBT.vS  OF  SE7ETJTT  AND 
oc.jcitigi  of  Hr  nos  at  tea  of  urjunr 


frostbit*  eases  with  dry  hands  had  a significantly  shorter 
healing  tine  of  4.3  naan  days  than  did  patients  of  like 
degre.  with  wet  hands.  The  healing  times  for  wet  and  dry 
hands  within  first  and  third  degree  frostbit*  were  not 
significantly  different.  The  extent  of  Involvement  in 
second  degroe  frostbite  of  the  hands  nay  be  dependent  upon 
the  rat*  of  local  cooling  of  the  tissues  during  the  cold 
exposure, 
rr.  TBSjfflguT 

The  management  and  treatment  of  the  frostbite  patient  during 
the  winter  of  1951-52  was  well  standardized  throughout  all  medical 
Installations  handling  this  *vpe  of  cold  injury  casualty.  In  the 
forward  combat  area  the  following  measures  were  instituted  by  the 
medical  eorpsnen  and  unit  surgeons: 

1)  All  constricting  itecs  of  elothing  ouch  as  boots,  gloves 
and  socks  were  removed  from  the  sito  of  Injury. 

2)  Cold  injured  parts  ware  rewarded  by  exposure  to  room 
teaperature  (70*  - 78*  F.)  whenever  possible. 

3)  Measures  were  instituted  for  restoration  of  general 
body  warmth. 

4)  As  soon  as  possible  all  patients  with  severe  first, 
second,  third  and  fourth  dogree  frostbite  of  the  feet 
were  made  litter  patients. 

5)  Intact  vesicles  or  bullae  were  not  drained  or  debrlded. 

6)  Largs  vesicles  or  bullae  were  covored  with  a dry  loose 

•\  ( dressing  to  provide  protection  and  maintain  warmth. 
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7)  A tetanus  toxoid  booster  and  penicillin  were  administered 
at  the  battalion  aid  station  or  division  clearing  station* 
All  frostbite  patients  were  assembled  at  the  forward  mobile 
surgical  hospitals*  and  then  they  were  evacuated  directly  to  a cold 
injury  treatment  center  located  approximately  200  idles  behind  the 
front  lines.  The  routine  management  and  treatment  of  frostbite  in 
the  specialized  center  was  as  follows! 

1)  Absolute  bed  rest  was  mandatory  only  for  those  patients 
with  frostbite  of  the  feet.  Bed  rest  was  maintained  In 
severe  first  and  second  degree  frostbite  until  sub- 
sidence of  edena  and/or  complete  drying  of  vesicles 

or  taillae  had  taken  place.  Third  degree  patients 
remained  at  bed  rest  until  all  their  ulcerations  were 
re-epithellalizu<l.  Cases  with  fourth  degree  frost- 
bite of  the  feet  were  not  allowed  to  be  ambulatory 
until  surgery  had  been  performed  and  all  wounds  wore 
healed. 

2)  The  rule  of  "no  smoking"  was  enforced  in  order  to  avoid 
the  vasoconstrictive  effects  of  nicotine. 

3)  Active  physiotherapy  was  instituted  at  the  bedside 
Immediately  after  admission  to  the  cold  injury  center. 
Attention  was  directed  toward  positioning  of  the  feet 
and  the  movement  of  fingers  and  toes  and  other  major 
joints.  Patients  with  frostbite  of  the  hands  were 
usually  most  reluctant  to  initiate  and  maintain 
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active  movement  of  Injured  fingers  which  la  necessary  if 
anklyosis  of  the  interdigital  Joints  is  to  be  avoided* 
The  importance  of  active  physiotherapy  by  the  patient 
during  the  first  6 weeks  post-frostbite  period  cannot 
be  over-emphasised. 

4)  All  third  and  fourth  degree  frostbite  eases  received 
300.000  units  of  an'  aqueous  suspen  don  of  penicillin 
intramuscularly  dally  until  their  lesions  had  dried  or 
healed. 

5)  All  patients  with  second,  third  and  fourth  degree  frost- 
bite of  the  feet  had  their  feet  cleansed  daily  with  a 
mild  antiseptic  solution. 

6)  Superficial  debridement  Of  broken  vesicles  or  necrotic 
tissue  was  performed  frequently.  Suppurative  eschars 
and  partially  detached  toe  nails  were  removed.  In  the 
presence  of  excessive  suppuration  or  necrotic  tissue  the 
feet  were  first  thoroughly  cleansed  with  a hydrogen 
peroxide  - aqueous  zephiran  chloride  solution  and  then 
soaked  In  a solution  of  normal  saline  for  30  minutes 
before  starting  debridement. 

7)  A nutritious  high  protein,  high  vitamin  diet  supplemented 
with  multiple  vitamins  was  supplied  to  aid  wound  healing. 

8)  All  frostbite  lesions  were  exposed  to  the  sir  and  a ward 
temperature  of  70*  - 73*  F.  was  maintained. 

In  addition  to  the  above  outlined  routine  management  for  all 
cases  of  frostbite  109  patients  having  severe  second,  third  or  fourth 
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degree  lesions  were  selected  for  treatment  with  one  of  six  types  of 
specific  therapy  (Table  33)*  Selection  of  these  patients  was  based 

TABLE  33 

DISTRIBUTION  OP  613  CASES  OP  PIRST,  SECOND,  THIRD  AND  FOURTH 
DEGREE  FROSTBITE  ACCORDING  TO  TYPE  OP  THERAPI  ADMINISTERED 


i 


ISrpe 

of 

Therapy 


First 


Feet  ik.nds 


Sacrod 


Degree  of  Injury 


Fesf. 


&l|d 


For  rth 


Feet  Urnie  (FcetlHt'nda 


total 


Routine  Management 
(Control) 


ai 


130 


J2. 


Jk 


Heparin-Alcobol- 
Procalne 


15 


Jk 


13. 


78 


Ker»rtn 


Prlrcolina  (orr,lT~ 


10 


S~,~  pathetic  Fleck 


Rutin 


Hexonsthonlua 


Total 


219 


29 


153 


60 


118 


19 
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upon  the  degree  of  severity  of  the  injury  and  the  time  after  reward- 
ing that  therapy  could  be  started.  Past  experimental  work  with  animals 
has  shown  that  if  treatment  is  to  be  effective  it  trust  be  Instituted 
within  a period  of  6 to  36  hours  after  injury.  Die  to  delays  in 
evacuation  throughout  the  winter  of  1951-52  specific  therapy  was  not 


Instituted  in  this  group  of  109  patients  until  an  average  of  43  hours 
had  elapsed  after  revaraing. 

The  program  for  each  of  the  six  therapeutic  regimes  was! 

1)  Heparin.  A sufficient  amount  of  aqueous  sodium  heparin 
(75-100  i ngas.)  was  administered  intravenously  every  4 
to  6 hours  for  10  days  in  order  to  maintain  clotting 
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time  between  30  and  60  minutes* 

2)  Heparin -alcohol-procaine.  Aqueous  sodium  heparin  added 
to  250  ee  of  sterile  distilled  water  which  contained 
12.5  grams  of  dextrosei  12.5  cc  of  952  ethyl  alcohol  and 
250  sigma . of  procaine  hydrochloride  was  administered 
Intravenously  by  slow  drip  (60  drops/mln.)  every  6 hours 
for  a period  of  10  days.  The  amount  of  heparin  added  to 

' the.  solution  was  that  amount  (50-100  mgas.)  which  would 

. maintain  the  clotting  time  between  30  and  60  minutes* 

3)  Rutin.  Rutin  (500  ngns.  dally)  was  administered  orally 
for  a period  of  10  days. 

O Priscollne.  fifty  mgns.  was  given  orally  every  6 hours 
for  10  days. 

5)  Hexamethor.Ium  (Bistrlum).  Using  the  intramuscular  route 
50  metis,  of  hexamethonium  were  administered  every  6 hours 
for  10  days. 

6)  Continuous  Sympathetic  Block.  A continuous  stellate 

( ganglion  block  for  frostbite  ef  the  hauls  or  caudal  anes- 

thesia to  the  level  of  L-2  for  lesions  of  the  feet  vae 
maintained  for  a period  of  96  to  120  hours.  The  stellate 
ganglion  block  employed  a solution  of  procaine  (22)  and 
pentocalne  (1:1000).  A solution  of  1.52  metycalne  was 
used  to  produce  a caudal  anesthesia. 

For  purposes  of  statistical  analysis  the  patients  were  divided 
Into  tho  following  three  general  treatment  groups: 

1)  Control  group.  Patients  In  this  group  were  treated  in 
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accordance  with  tha  routine  frostbite  management  aid 
treatment  program  as  already  outlined. 

2)  Anticoagulant  group.  Patients  of  this  group,  in  addition 
to  routine  management,  received  either  heparin  or  heparin- 
alcohol-procaine  as  described  above. 

3)  Vasodilator  group.  This  group  of  patients  received  either 
priscoline.  hexane them iua  or  a continuous  sympathetic 
block  in  addition  to  routine  management. 

Irrespective  of  degree  of  injury  the  aean  vesicular  drying 
time  for  184  control  patients  vas  14.6  days,  for  41  anticoagulant 
cases  17.2  days  and  for  four  vasodilator  cases  6.5  days  (Table  34). 

The  anticoagulant  group  had  a significantly  longer  mean  vesicular 
drying  time  than  did  the  control  or  vasodilator  group.  The  shortest 
drying  time  was  attained  by  the  vasodilator  group.  In  second  degree 
frostbite  128  patients  of  the  control  group  completed  their  vesicular 
drying  in  12.3  Bean  days  which  was  3.3  days  less  than  the  mean  time 
for  19  cases  of  the  anticoagulant  group.  The  differences  between 
the  drying  time  of  second  degree  control  and  vasodilator  cases  proved 
not  to  bo  statistically  sigyiificant.  There  were  no  significant 
alterations  in  the  drying  times  of  vesicles  for  79  patients  with  third 
degree  frostbite  when  compared  to  the  type  of  treatment  given.  It 
was  concluded  that  the  specific  therapeutic  measures  used  did  not 
markedly  alter  the  drying  time  of  vesicles  when  such  therapy  ves 
initiated  on  an  average  of  43  hours  after  rewarming. 

The  mean  healing  times  of  frostbiften  feet  irrespective  of 
degree  of  injury  for  172  routine-treated  control  patients  was  33*1  days. 
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TABU  31 


COMPARISON  OP  DRYING  TIME  OP  VESICLES  FOR  229  CASES  OF 
FROSTBITE  WITH  RESPECT  TO  DBSEE  OF  INJUHT 
AND  TOPE  OF  TREATMENT  RECEIVED 


Degree  of 
In.turv 

Treatment 

Group 

No.  of 
Cases 

Standard 

Deviation 

■ 

II 

Second 

Third 

Combined 

it 

150 

79 

12.7 

19.2 

m 

5.275 

H 
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«» 
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Anticoagulant 
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» 
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si 

■ 

• 
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na 

■rm 
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mm 
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E3£SS339 
HTTh  *551  SSI 

H 

■B23BI 
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3-566 

<-001 

Second 

•t 

Control 
Antico*.  rols.it 

128 

19 

12.3 

15.6 

mm 

1.999 

<.05 

It 

m 

Control 

Varodilator 

IH 

12.3 
ho 

2.6.47 
1 5.36 

2222 

>.20 

it 

* 

5 SfEEuB 

19 

3 

mm 

i 6.68 
~ 5.34 

1.912 

>.05 

Third 

ft 

Control 

Antico::j.«lsnt 

56 

22 

WMSEMM 

100.03 
1 8.31 

0,560 

>.50 

n 

if 

Control 

V.voUlotor 

■Hi 

19-7 

7.0 

110.03 

it 

it 

Anticoagulant 

Vasodilator 

ma 

18.> 

7.0 

110.03 

for  38  anticoagulant  patients  48.3  days  and  for  12  vasodilator  eases 
3 8.4  days  (Table  35).  There  was  an  overloading  of  first  and  second 
degree  eases  in  the  control  group  which  accounted  for  the  shorter 
healing  time.  Comparisons  of  the  mean  healing  times  of  patients  with 
second  or  third  degree  frostbite  of  the  feet  with  respect  to  type  of 
treatment  did  not  show  any  significant  differences.  The  rate  of 
wound  healing  in  frostbite  of  the  feet  was  not  accelerated  by  the 
use  of  either  heparin,  priscollne,  hejuoethonium  or  sympathetic 
blocks  as  compared  to  control  cases  when  such  therapeutic  measures 
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TABU  35 

COMPARISON  OF  MEAN  KEATING  TIME  FOB  222  CASES  OF 
FROSTBITE  OF  THE  FEET  WITH  RESPECT  TO  DEGREE 
OF  INJURI  AND  TTPE  OF  TREATMENT 


Degree  of 

Treataent 

Ho.  of 

Kean  Healing 

Standard 

t 

P 

In  .In  nr 

Grouo 

Cases 

Tine  (Days) 

Deviation 

First 

Combined 

26 

20.6 

214.60 

1.5U 

>.10 

Second 

a 

104_ 

25.3 

2.10.33 

First 

Third  .. 

a 

a 

26 

90 

20.6 

53.2 

214.60 

220.17 

9.296 

<•001 

Second 

JfcirsJ 

a 

a 

104 
90  . 

25-3 

53.2 

110.33 

2-20.17 

11.826 

<.001 

Combined 

Control 

172 

33.1 

rna.97 

3.493 

<.001 

II 

hnticorcolont 

38 

48.3 

225.30 

« 

Control 

172 

33.1 

113.97 

0.824 

>.40 

» 

Vr-odilator 

12 

38.4 

221.70 

* 

inticoa^ulant 

38 

48.3 

225*30 

1.322 

>.20 

m 

Vr-odj  Tutor 

12 

38.4  . 

221.70 

Second 

Control 

63 

25.2 

210.63 

0.458 

>.60 

a 

•ntiro^-l-^t 

n 

26.5 

1 8.30 

a 

Control 

63 

25.2 

210.63 

0.069 

>.90 

a 

V.-j!-»dilrtnr 

5 

24.8 

212.11 

h 

k'-ntico'^ilcnt 

11 

26.5 

1 8.30 

0.271 

>.70 

it 

Vr.-cdi  l-.tcr 

5 

24.8 

212.41 

Third 

Ccntrol 

57 

51-2 

217.  Co~ 

1.106 

>.20 

It 

'ntir'*"-il-nt 

27 

— 57.2 

t25.g2 

Third 

C'.r.trol 

57 

51.2 

217.66 

0.269 

>.70 

If 

Vi'  *t>  i*  Inter 

6 

53.5 

118.73 

« 

AnticcrgulUlt 

27 

57.2 

125.52 

0.409 

>.60 

a 

Vasodilator 

6 

— . a-j 

-JiSiZL- 

were  initiated  on  an  average  of  43  hours  after  rewarding. 

In  frostbite  of  the  hands  those  eases  treated  with  anti- 
coagulants tended  to  take  longer  to  heal  than  did  the  patients  who 
received  a vasodilator  type  of  therapy  or  only  routine  care  (Table  36). 
Statistical  analysis  of  the  hand  cases  according  to  type  of  treatment 
yielded  results  similar  to  those  obtained  for  frostbite  of  the  feet. 

Future  therapeutic  evaluations  in  frostbite,  where  treatment 
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TABLE  36 


« 


COMPARISON  OP  KEAN  HEALING  TIKE  OF  59  CASES  OP 
FROSTBITE  OP  THE  HANDS  WITH  RESPECT  TO  DECREE 
OP  IN  JUKI  AND  TIPS  OP  TREADCXT 


No.  of 

Kean  Healing 
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H 

HI 
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Anticoagulant 
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>.10 

Third 

Anticoagulant 

3 

isma 

0.052 

>.90 

«• 

Vasodilator 

U 

BSm® 

la  initiated  lesa  than  43  hours  after  injury,  Kill  have  to  take  into 
proper  account  such  factors  as  the  duration  of  exposure,  methods  used 
to  revars.  type  or  boot  or  handgear  worn,  and  condition  of  the 
extremity  at  t'  e time  of  injury  for  each  individual  case  before  any 
given  type  therapy  might  be  shown  to  be  more  efficacious  than 
another.  Such  an  evaluation  would  of  necessity  require  a very  pains- 
taking factor  analysis.  An  accurate  therapeutic  evaluation  would  also 
be  dependent  upon  an  early  correct  classification  of  the  cold  injury. 
The  criteria  for  classifying  frostbite  lesions  as  to  degree  of 
severity  becomes  less  distinct  as  the  time  interval  between  re  warning 
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and  examination  of  the  patient  shortens  so  that  at  time  of  rewaming 
all  frosthitten  parts  usually  have  a similar  clinical  appearance. 
Another  important  factor  that  will  have,  to  be  considered  in  a thera- 
peutic evaluation  ia  the  area  involvement.  It  is  emphasized  that 
the  clinical  evaluations  Just  presented  do  not  take  into  considera- 
tion the  total  area  of  cold  injury  involvement,  case  by  case, 
f.  DURATION  OF  HOSPITALIZATION 

The  duration  of  hospitalization  covered  the  period  which 
started  with  the  evacuation  of  the  patient  from  a front-line  medical 
facility  and  ended  who  he  was  either  transferred  from  the  Cold  Injury 
Center  in  Osaka.  Japan,  to  a reconditioning  center  in  Kara.  Japan, 
for  duty,  or  discharged  from  Percy  Jones  Army  Hospital,  Battle  Creek. 
Kichigan,  to  duty.  Table  37  shows  the  neSn  hospital  days  for  585 
frostbite  cases  according  to  their  degree  of  injury  and  anatomical 
site  of  involvement.  The  length  of  hospitalization  ror  patients 
with  frostbite  of  the  hands  was  less  than  that  for  patients  with 
involvement  of  the  feet  of  like  degree.  In  fourth  degree  frostbite 
the  hand  cases  retired  SU  less  days  of  hospitalization.  Irrespec- 
tive of  degree  of  injury  or  aracomical  site  of  involvement  585 
patients  with  frostbite  required  31.3  mean  days  of  hospitalization. 
Exclusive  of  fourth  degree  cases,  the  1950-51  frostbite  casualties 
required  32. i mean  days  of  hospitalization,  and  the  1951-52  patients 
required  25*8  mean  days  before  they  could  be  transferred  to  a 
reconditioning  center. 

Table  38  3hows  the  mean  duration  of  hospitalization  for  630 
cases  of  first,  second  and  third  degree  frostbite  with  respect  to 
the  type  of  treatment  given  while  ho»"i talized.  The  data  suggest 
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that  the  use  of  anticoagulants  caused  an  Increase  In  the  period  of 
hospitalization  regardless  of  the  degree  of  injury. 

VI.  DISPOSITION 

Six  percent  of  the  716  frostbite  patients  admitted  to  the 
cold  injur/  centers  were  evacuated  to  hospitals  in  the  Zone  of 
Interior  (Table  39).  During  the  winter  of  1950-51  1®C  of  the 


TABLE  39 

DISPOSITION  OF  716  CASES  0?  FROSTBITE  FOR 
THE  WHITER  OF  1951-52 
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33 
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frostbite  patients  were  returned  to  the  Zone  of  Interior.  Tuo 
hundred  sixty-three  patients  were  returned  directly  to  general  or 
temporary  limited  duty  from  the  Korean  cold  injury  center.  The  cold 
injury  center  of  Osaka  Army  Hospital  returned  to  general  duty  or 
temporary  limited  duty  L10  patients  via  a reconditioning  center. 

The  average  length  of  3tay  at  the  reconditioning  center  was  1L  days. 
The  period  of  limited  duty  for  all  cases  expired  on  1 May  1952. 

Prior  to  this  expiration  date  the  reclassified  soldier  was  not 
assigned  to  a front-line  combat  unit  in  order  to  protect  him  from 


re-exposure  to  low  environmental  temperature  because  of  a possible 
increased  susceptibility  to  cold  injury. 

Out  of  664  eases  of  frostbite  129  patients  (19.42)  gave  a 
history  of  having  had  either  frostbite  or  trenchfoot  prior  to  the 
winter  of  1951-52.  Among  the  1950-51  group  of  frostbite  casualties 
14.92  gave  a history  of  previous  cold  injury  before  the  winter  of 
1950-51.  A positive  history  of  previous  cold  injury  Meant  that  the 
patient  either  had  knowledge  or  record  of  diagnosis  confirmed  by 
a physician  or  he  was  able  to  relate  confirmatory  events  in  his  cold 
injury  experience  such  as:  ambient  temperature  during  exposure* 

length  of  exposure*  symptoms  of  the  involved  part  during  exposure  and 
after  rewarding*  akin  changes  after  injury  ar.d  the  presence  or  absence 
of  vesicles  and/or  ulcerations. 

If  those  soldiers  with  a history  of  previous  cold  in* Ty  had 
been  removed  fren  the  front-line  combat  units  prior  to  the  onset  of 
cold  weather  in  1951-52  the  Incidence  rate  of  frostbite  in  the  Eighth 
Army  for  the  winter  would  have  been  reduced  by  6%.  On  the  basis  of 
exposure  the  attack  rate  among  those  with  a history  of  previous  cold 
injury  was  5*0  per  1*000  while  those  without  such  a history  had  an 
attack  rate  of  2.6  per  1*000. 

VII.  SUMMARY  AND  CONCLUSIONS 

A total  of  716  confirmed  cases  of  frostbite  were  evaluated  with 
respect  to  possible  contributing  factors,  anatomical  site*  severity 
of  injury  and  therapy.  A comparison  of  the  incidence  figures  for 
1950-51  with  those  for  1951-52  revealed  the  fact  that  '.here  was  a 
narked  reduction  in  the  severity  of  cold  injuries  for  the  latter 
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period.  In  the  1951-52  period  the  rites  of  feet  to  hand  eases  was 
approximately  3 to  1. 

Soldiers  who  have  had  a previous  authenticated  frostbite 
should  be  reclassified  to  limited  duty  on  a sead -permanent  basis. 

Their  duty  assignments  should  prevent  them  froa  exposure  to  low  ambient 
temperatures. 

The  most  objective  criteria  employed  to  assess  the  relative 
importance  of  the  factors  contributing  to  cold  injuries  concerned 
the  amount  of  time  required  for  drying  of  the  vesicles  and  healing 
of  the  lesions.  The  effect  of  the  various  factors  upon  the  clinical 
course  of  frostbite  were: 

1)  The  drying  time  of  vesicles  and  the  healing  of  frostbite 
lesions  was  dependent  upon  the  degree  of  injury,  in  that 
first  and  second  degree  lesions  which  were  of  approximately 
the  same  order  required  less  time  than  did  third  degree 
injuries.  The  clinical  course  of  the  injuries  was  not 
influenced  by  the  anatomical  site  of  the  lesions  except 

in  second  degree  where  the  healing  rate  for  hand  cases 
was  shorter  than  for  feet. 

2)  The  drying  time  of  vesi-les  and  the  healing  of  the 
frostbite  lesions  was  mot  dependent  upon  the  race  of  the 
patient. 

3)  Cold  exposures  over  8 hours  increased  the  vesicular  drying 
time  of  second  degree  lesions  and  prolonged  the  healing  of 
second  degree  frostbite  of  the  feet.  The  healing  of  first 
and  third  degree  lesions  of  the  feet  and  all  lesions  of 


the  hands.  however.  was  not  prolonged  by  longer  periods 
of  exposure. 

t)  The  vesicular  drying  time  was  shorter  In  cases  of  third 
degree  frostbite  rewarmed  by  a room  temperature  exposure 
as  compared  to  similar  lesions  renamed  fey  walking,  ex- 
posure to  an  open  fire  or  by  massage.  Third  degree  lesions 
of  the  ' set  rewsrmed  by  a room  tmsperature  exposure  took 
less  time  to  heal  than  did  e<juivalent  Injuries  where 
rewarding  was  aeeoaplished  by  walking,  massage  or  exposure 
to  an  open  fire.  The  healing  of  first  and  second  degree 
frostbite  of  the  feet  and  all  lesions  of  the  hands  was 
not  adysrsaly  affected  by  any  one  single  method  of  re  warm- 
ing. * 

5}  "Jhen  the  delay  in  evacuation  after  injury  was  over  2t> 

hours  the  drying  time  of  vesicles  voa  prolonged  in  esses  of 
second  degree  frostbite.  The  factor  of  delay  in  evacuation 
also  prolonged  the  healing  of  first  degree  frostbite  of 
the  feet.  Healing  of  second  and  third  degree  frostbite 
of  the  feet  and  all  lesions  of  the  hands  was  not  affected 
by  this  factor. 

6}  The  drying  time  of  vesicles  in  second  and  third  degree 
frostbite  of  the  feet  was  increased  when  the  injury  was 
incurred  in  leather  boots  as  compared  to  similar  patients 
wearing  the  shoepac  or  rubber  insulated  boot.  The  healing 
time  for  first,  second  and  third  degree  frostbite  was 
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with  similar  patients  equipped  with  shoepacs  or  Insulated 
boots. 

7)  The  type  of  handgear  (or  absence  thereof)  vora  at  ties 
of  injury  did  not  alter  the  drying  time  of  vesicles  or 
the  healing  rate  of  frostbite  lesions  of  the  hands. 

6)  X longer  vesicular  drying  tine  for  second  degree  frost- 
bite occurred  when  the  p re -Injured  extremity  was  vet. 

The  healing  of  frostbite  of  the  hands  or  feet  was  not 
.influenced  by  the  factor  of  wetness  or  dryness  at  time 
of  Injury. 

9)  Specific  therapy  instituted  43  hours  after  injury  did 
not  materially  alter  the  clinical  course  of  frostbite. 

In  these  evaluations.,  the  differences  in  healing  times,  small 
as  thay  may  appear,  could  assume  gigantic  proportions  in  terms  of 
manpower  loss  and  hospital  cost  when  multiplied  by  hundreds  of  cases. 
VIII.  RSCC!  3-TrdrD  ATIOH  S 

It  is  evident  that  the  placing  of  a frostbite  caeualty  on 
a temporary  limited  duty  statue  will  not  suffice  for  preventing  him 
from  being  re-exposed  to  cold  within  2 to  3 years  after  injury.  In 
view  of  the  experience  in  Korea  during  the  winters  of  1950-51  and 
1951-52  it  is  recortsended  that  confirmed  cases  of  cold  injury  be 
given  a profile  of  L-3  or  U-3  for  a period  of  5 years  from  time  of 
injury.  It  is  further  recommended  that  the  duty  assignments  of 
such  reprofiled  military  personnel  should  be  governed  by  the  following 
criteria: 

1)  Ho  preferential  duty  assignment  will  be  necessary  for 
locales  where  the  mean  minimum  t iperatures  for  the 
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coldest  months  is  above  25*  P. 

2)  The  duty  assignment  nsist  assure  no  prolonged  outside 
exposure  for  locales  where  the  mean  minimum  temperature 
for  the  coldest  months  is  below  25*  P. 

3)  No  personnel  reprofiled  because  of  frostbite  should  be  • 
assigned  to  locales  where  the  mean  minimum  temperature  for 
the  coldest  months  Is  below  0*  P» 

■»  N 
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THE  TREATMENT  OK  THIRD  DEGREE 
FROSTBITE  BT  SKIN  GRAFTING 


I.  MTEOCCCTIOH 

The  alow  rat*  of  healing -of  third  degree  frostbite  ulcere 
of  the  toes  is  responsible  for  a large  portion  of  the  tine  patients 
with  this  lesion  are  hospitalized.  The  resultant  loss  of  aanpower 
and  the  effect  of  the  prolonged  state  of  inralidisa  upon  the  aorale 
of  the  individual  are  significant.  Therefore  an  investigation  of 
the  possibility  of  hastening  the  restoration  of  epithelial  con- 
tinuity In  these  eaees  by  the  application  of  skin  grafts  was 
undertaken. 

IX.  KETTOD 

The  location  and  else  of  the  lesions  decided  the  type  of 
skin  graft  used.  Split  thickness  grafts  would  not.  in  all 
probability,  be  able  to  vithstrnd  the  trauma  to  which  they  would 
be  subjected  on  the  tips  of  the  toes.  Furthermore  the  size  and 
site  of  the  lesions  did  not  warrant  such  a major  procedure  as  a 
pedicle  flap  although  in  sons  Instances  it  would  have  yielded 
the  best  results.  Therefore,  fre  small,  full  skin  thickness 
(pinch)  grafts  were  used. 

The  lesions  chosen  for  grafting  were  third  degree  frost- 
bite ulcerations  which  at  the  tine  of  their  selection  were 
completely  debrided  of  neerotic  tissuo  either  surgically  or 
spontaneously  and  were  approximately  one  square  centiseter  or 
more  in  area.  The  pinch  grafts  were  taken  from  the  upper 
lateral  aspect  of  the  thigh  under  aseptic  conditions.  A field 
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block  was  performed  with  a 1%  solution  of  procaine  to  anesthetise 
the  donor  alte.  The  excised  skin  was  placed  on  the  base  of  the 
ulcer  which  had  previously  been  cleansed  thoroughly  with  an 
aqueous  solution  of  sephlran  chloride  (1:5000).  Zt  was  secured 
with  a dressing  of  a single  layer  of  gaute  lightly  impregnated 
with  petroleum  jelly  and  aevaral  layers  of  dry  gauze . Bed  rest 
and  a foot  cradle  were  employed  to  minimize  mechanical  trauma 
to  the  grafts.  The  dressings  were  changed  on  the  third  post- 
operative day  and  dally  thereafter.  Some  of  the  patients  were 
treated  with  Bi atrium  (hexane thonium  bromide)  administered 
Intramuscularly  In  SO  mgs.  doses  at  6-hour  Intervals  according 
to  one  of  two  regimens  differing  only  In  the  time  at  which  therapy 
was  Initiated.  In  Method  1 treatment  with  Blstrlua  was  started 
at  the  time' of  application  of  the  grafts.  In  Method  2 it  was 
started  one  or  two  days  before  the  operation.  In  either  case 
treatment  was  continued  until  the  ulcer  had  healed. 

HI.  RESULTS 

The  results  are  suasarlzed  in  Table  1.  A total  of 
40  pinch  grafts  were  applied  to  13  ulcer  beds  on  the  toes  of 
11  patients.  Six  grafts  were  placed  on  the  bases  of  two  ulcers, 
one  In  each  of  two  patients  who  received  no  other  treatment. 

Hone  of  these  untreated  or  control  grafts  survived.  Thirty- 
four  grafts  were  transferred  to  11  ulcer  sites  on  the  toes  of 
nine  patients  who  received  Blatrium  according  to  one  or  the 
other  above  mentioned  therapeutic  regimens.  The  transplanted 
skin  survived  In  21  Instances  and  sloughed  in  13  instances. 
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Statistical  analysis  of  these  results  using  the  chi  square  test 
with  Tate's  correction  for  continuity  yielded  a value  of  5-522* 
The  probability  that  the  difference  between  the  results  in  the 
control  and  ths  Bi atrium  treated  series  was  due  to  chance  is 
less  than  2%. 

TABLE  1 

TIE  FATS  OF  PINCH  CRAFTS  APPLIED  TO  THIRD  DECREE 
FROSTBITE  ULCERS  OF  TIE  TOES 


l ,J 


Treatment 

Patients 

Ulcers 

Grafts 

2 2 6 

7 7 3, 

2 . A 10 


(1)  Method  1:  Bistriua  50  a®a.  I.K.  q6h  starting 

at  tine  of  skin  grafting. 

(2)  Method  2:  Bistrium  50  as*.  I.K.  q6h  starting 

one  or  two  days  before  skin  grafting. 

The  two  methods  of  "..striua  administration  were  not 
equi.il;’  effective.  Vher.  therapy  was  instituted  at  the  time  of 
the  operative  procedure  (Method  1)  on l,  '.1  of  3U  grafts  survived* 
while  all  ten  grafts  survived  when  treatment  was  started  one  or 
two  days  before  the  operation  (Method  2).  This  difference  was 
statistically  significant;  chi  squar i equaled  6.626.  P <.02. 

The  results  obtained  with  the  former  therapeutic  regimen  verb 
not  si^iificantly  different  from  those  obtained  with  no  treat- 
ment (chi  square  equaled  2.593.  P >-10);  while  the  latter  method 
of  Bistrium  administration  significantly  improved  the  results 
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over  those  obtained  in  the  control  subjects  (chi  square  equals 
12.015.  P C.001). 

Eight  of  the  unsuccessful  grafts  In  the  group  which 
were  treated  with  Bistrlua  by  Method  1 were  on  ulcer  sites  In 
two  patients  who  were  particularly  uncooperative  about  remaining 
in  bed.  It  was  considered  quite  probable  that  failure  to  survive 
was  due  to  trauma  and  the  consequent  lack  of  inaoblllsation  of 
the  grafts  on  the  ulcer  bed.  If  these  grafts  were  emitted 
from  the  statistical  analysis  the  results  in  this  series  became 
significantly  better  than  In  the  control  group  (chi  square 
equaled  5-729.  P <-02),  and  they  more  closely  approached  the 
excellent  results  In  the  group  of  patients  treated  with  Bistrlua 
before  as  .well  as  after  grafting  (chi  square  equaled  2.119.  P >.10 ) 

The  incidence  of  grossly  evident  Infection  of  the 
grafted  ulcers  did  not  vary  significantly  between  the  treated 
and  control  series.  One  of  the  two  untreated  ulcer  sites  became 
infected  as  compared  to  tv  of  the  nine  vase  viator-treated 
ulcers.  The  chi  square  lest  yielded  a v»  Oi  0.005.  P >.90. 

The  accompanying  photographs  Ulus  .rate  results  typical 
of  the  successful  attempts  to  graft  frostbite  ulcers,  figures  1. 

2 and  3 show  *V.  -ogress  of  a large  ulceration  on  the  tip  of 
the  right  great  toe  of  a 27  year  old  negro  soldier.  The  lesion 
had  been  completely  debrided  of  necrotic  tissue  23  days  after 
injury.  Twelve  days  later  when  the  base  of  the  ulcer  had  an 
area  of  2.00  square  centimeters,  five  pinch  grafts  were  applied 
to  it  and  treatment  with  Bistrlum.  50  agn.  intramuscularly 


642 


ll_lSiililn  I nil  .« » l»l  r‘‘  - * - ■ 


/ 


1 


vv 


- -W  n-rr  -r  *1 — *-■**■* 


every  6 hour  « was  started-  Figures  1 and  2 show  the  ulcer  and 
the  grafts  6 and  16  days  after  the  operation-  In  the  latter 
figure  the  site  of  the' ulcer  was  re -epi the li allied  except  for  a 
mall  fissure  between  two  of  the  grafts-  In  Figure  3»  63  days 
after  injury*  40  days  after  debridement  and  23  days  after 
grafting*  the  ulcer  was  completely  covered  with  epithelium. 

In  Figures  4 and  5 are  shown  the  results  obtained  in 

f!  j ease  of  a 38  year  old  white  soldier  who  had  sustained  a less 

extensive  third  degree  frostbite  injuiy.  The  former  figure 

deplete  the  third  degree  ulcer  of  the  left  great  toe  with  two 

pinch  grafts  in  place  37  days  after  injury  and  5 days  after 

surgical  debridement  and  grafting.  Vasodilator  therapy  was 

• . 

instituted  at  the  time  of  the  operation.  The  photograph  in 
Figure  5*  72  days  after  frostbite  and  40  days  after  surgery 
reveals  that  the  medial  one  of  the  two  grafts  blended  Impercep- 
tible with  the  surrounding  skin.  Only  the  derm*  of  the  lateral 
graft  survived* 

17.  Discussion 

The  value  of  vasodilating  procedures  and  drugs  in  'acilitat- 
the  healing  of  cutaneous  lesions  of  the  extremities  is  well 
Jcnovn.  Although  there  is  evidence  th3t  drugs  which  produce 
generalized  vasodilatation  are  less  effective  than  local  sympathetic 
deneivation  in  this  respect,  the  results  with  Bi  atrium  in  this 
study  were  dramatic.  The  ulcers  of  control  patients  were  pale 
and  cold  whereas  those  of  the  treated  subjects  were  pink  or  red* 
warm  and  bled  ear  /.  It  was  obvious  that  free  skin  grafts 
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Mould  not  survive  on  the  poorly  vascularized  ulcer  beds  of  the 
former  group  and  the  control  series  therefore  was  abbreviated. 

The  survival  of  the  grafts  in  the  treated  subjects  was  an  indica- 
tion of  the  Increase  In  effective  blood  flow  through  the  ulcer 
bed  produced  by  Blstrlua  therapy.  The  greater  survival  rate  of 
akin  grafts  in  those  subjects  who  were  given  the  drug  one  or  two 
days  before  the  operation  was  probably  due  to  the  better  vascularlxa- 
tlon  of  the  base  of  the  ulcers. 

Treatment  with  a potent  vasodilator  alone  would  probably 
reduce  the  healing  time  of  these  ulcers  as  much  as  the  combination 
of  the  drug  and  the  application  of  pinch  grafts.  Data  on  the 
rate  of  healing  of  thirth  degree  frostbite  lesions  with  and  without 
skin  grafting  and  also  In  the  presence  and  absence  of  vasodilator 
therapy  was  collected.  The  results  of  analysis  of  these  data 
were  Inconclusive  due  to  the  small  number  of  observations  and 
the  variability  among  the  lesions  Initially.  However,  the 
clinical  impression  that  was  gained  while  earing  for  these 
patients  and  the  data  collected  tended  to  confirm  the  impression 
that  treatment  with  Bistrlua,  either  alone  or  in  conjunction 
with  skin  grafting,  decreased  the  time  retired  for  restoration 
of  epithelial  continuity  in  cases  of  third  degree  frostbite. 

The  addition  of  skin  grafts  had  the  effect  primarily  of  producing 

a thicker  covering  of  the  ulcer  site  than  did  spontaneous  re- 

n 

epithelialization.  Also  in  the  case  of  the  smaller  ulcerations 
as  illustrated  in  Figures  4 and  5 the  pinch  grafts  frequently 


filled  in  the  defect  so  as  to  obliterate  it  completely. 

A long  term  study  to  determine  the  fete  of  the  grafted 
skin  on  the  tips  of  the  toes  was  not  possible.  However,  the 
fact  that  in  many  instances  the  grafts  were  identical  la 
appearance  to  the  surrounding  skin  suggested  that  they  were 
durable. 

V.  CONCLUSIONS 

The  effective  circulation  in  toes  with  third  degree 
frostbite  was  inadequate  to  produce  survival  of  pinch  grafts. 
Presumably  this  deficiency  in  the  circulation  wa*  responsible 
for  the  slow  rota  of  healing  of  these  lesions.  Treatment  of 
the  patient  with  a potent  vasodilator  drug,  Bistrium.  facilitated 
the  survival  of  pir.eh  grafts  especially  when  the  ulcer  bed  was 
prepared  by  administration  of  the  drug  for  one  or  two  days  before 
the  operation.  Although  it  Could  not  be  proven  statistically, 
treatment  of  third  degree  frostbite  ulcers  with  Bi atrium  and 
pinch  grafts  definitely  appeared  to  decrease  the  time  required 
for  complete  re-cplthelialization  of  these  lesions. 


0 

646 


SECTION  vn 


FOOT  CONDITIONS  IN  THE  SEVERAL  TYPES  OF 
DOOTCEAR  UNDER  COMBAT  CONDITIONS 
KOREA,  1951-52 


by 


Sylvan  L.  Weinberg 
Capt.  MC,  AUS 


647 


• table  of  contents 


I.  Introduction 
11.  Methods  and  Material 
HI.  Results 

A.  Subjective  Impressions  of  Insulated  Boot 

B.  Condition  of  Feet,  Incidence  of  Epidermophytosis,  etc 

C.  Subjective  Evaluation  of  Formula  V Foot  Powier 
IV.  Sumnary  and  Conclusions 


V.  Addendum 


FOOT  CONDITIONS  IN  THE  SEVERAL  TYPES  0? 
v . BOOTGEAR  UNDER  OOMBAT  CONDITIONS 

KOREA,  1951-52 

I.  INTRODUCTION 

During  the  winter  of  1951-52,  a new  type  of  caabat  boot  was  in- 
troduced for  use  by  front-line  troops  under  wet-cold  environmental  con- 
ditions in  Korea.  This  boot,  known  technically  as  the  "boot,  ecmbat, 
rubber,  insulated",  employed  the  vapor  barrier  principle  and  provided 
a synthetic  wool  layer  separating  two  sealed  rubber  layers.  Insulation 
thus  achieved  seemed  superior  to  previously  available  combat  bootgear. 
The  new  boot  was  hailed  widely  as  an  effective  instrument  for  the  re- 
duction of  cold  injuries.  However,  shortly  after  its  introduction,  in 
Korea  certain  criticisms  of  the  boot  arose.  Among  these  were  apparent 
Increases  in  erythema,  hyperhidrosis,  tissue  maceration  and  fungus  in- 
fection of  the  feet.  In  certain  instances,  particularly  where  foot  hy- 
giene was  poor,  sock  change  inadequate,  and  where  boots  were  worn  con- 
tir  ~U3ly  for  periods  of  U6  hours  or  more,  erythema,  tissue  maceration 
and  hyperhidr-'  „o  severe  as  to  produce  an  incapacitating  foot 

syndrome.  1*  s * was  marked  by  tenderness  of  the  feet  to  the 

degre»  tt  -t  Jig  h-  > » -eaely  painful.  Physical  examination  of 
the  feet  revealed  a .acoloration  and  a peculiar  softening  and 

wrinkling  of  the  skin.  Sweating  was  profuse.  Tissue  maceration  in  ad- 
vanced cases  was  pronounced  enough  to  cause  denudation  of  extensive 
plantar  sk.ii.  ureas.  In  many  cases  the  picture  was  complicated  by  super- 
imposed fungus  infection.  This  factor  often  caused  difficulty  in  dis- 
tinguishing the  sequelae  due  to  the  use  of  the  boot  and/or  from  the 
effects  of  the  infectious  process. 


649 


Illustrative  of  the  undesirable  effects  which  may  occur  from  the 
use  of  the  boot,  was  that  which  occurred  in  one  of  the  United  States  in- 
fantry battalions  in  Korea  during  January  1952.  This  battalion,  in  a re- 
serve area,  conducted  a maneuver  involving  3 days  of  extensive  marching 
and  long  periods  of  guard  duty,  during  which  time  the  men  were  unable  to 
remove  their  boots  and  perform  foot  hygiene.  Following  this  action  a 
thorough  foot  check  revealed  that  more  than  12^  of  700  men,  all  of  when 
had  wpm  the  new  insulated  boot,  liad  incapacitating  foot  findings  con- 
sisting of  varying  degrees  of  erythema,  tissue  maceration,  denudation 
of  the  soles  of  the  feet  and  hyperhidrosis.  Also  there  were  10  new  cases 
of  severe  fungus  infection  found  in  the  battalion.  Other  reports  of  in- 
sulated boot  sequelae  of  a similar  character  were  circulated,  but  many 
of  these  were  largely  fragmentary  and  hearsay  in  character. 

A survey  was  therefore  undertaken  in  mid-March  1952  to  gain 
specific  information  concerning  the  experience  with  the  new  boot  among 
a sampling  of  infantrymen  from  tbs  3 regiments  of  the  United  States 
25th  Division  in  Korea.  Additional  information,  in  the  fora  of  a brief 
subjective  impression  of  the  new  formula  V*  anhidrotic  foot  powder,  was 
obtained  from  the  troops  interviewed. 

II,  METHODS  AND  MATERIAL 

Two  hundred  eighty-one  men  from  the  14th,  27th  and  35th  Infantry 
Regiments  were  interrogated  concerning  their  impressions  of  the  insu- 
lated rubber  combat  boot.  During  the  interview  their  feet  were  examin- 
ed for  gross  evidence  of  epidermophytosis,  erythema,  hyperhidrosis  and 
tissue  maceration.  No  effort  was  made  to  grade  epidermophytosis  in  da- 


* A'  aiman  Chloride  3%',  Boric  acid  Potassium  aluminum  sulfate  10%; 
Salicylic  acid  3%;  Powdered  corn  starch  52;  Powdered  Talc  72%. 


degrees  of  severity.  Minimal  criteria  for  this  diagnosis  were  the 
presence  of  scaling  and/or  fissuring.  No  laboratory  techniques  were 
employed.  It  was  realized  that  under,  theje  conditions  certain  errors 
were  unavoidable.  However,  it  was  believed  that  by  gross  inspection 
general  trends  of  incidence  of  fungus  infection  could  be  established. 

ffyperhidrosis,  maceration  and  erythema,  when  present,  were  graded 
as  mild,  moderate  and  severe,  this  breakdown  appears  in  the  tables,but 
for  the  purposes  of  statistical  analysis  only  the  presence  or  absence  of 
the  respective  conditions  was  considered. 

Ninety-three  infantrymen  of  the  li»th  Infantry  Regiment  were  in- 
terrogated  and  examined  at  their  battalion  rear  areas  within  2 hours 
after  arrival  from  front-line  positions.  Severity-three  soldiers  of  the 
27th  Infantry  Regiment  were  seen  at  their  regimental  reserve  area.  One 
hundred. fifteen  members  of  the  35th  Irfantry  Regiment  were  met  at  a 
shower  point  immediately  after  they  arrived  from  positions  in  the  main 
line  af  resistance. 

III.  RESULTS 

Am  Subjective  Impressions  of  the  Insulated  Boot.  (Table  l) 

One  hundred  ninety-five  of  the  281  men  interviewed  had  had 
experience  in  wearing  bot,.  the  new  voot  and  shoepac.  Of  these, 
72  (36. 9^)  volunteered  no  complaint  concerning  the  new  boot. 
One' hundred  twenty-three  (63.1?)  were  troubled  by  what  they 
called  "excessive"  sweating. 

An  effort  was  made,  where  possible,  to  elicit  subjective  com- 
parisons between  the  new  insulated  boot  and  the  shoepac.  One 
hundred  forty-seven  (75*3?)  of  t.<e  men  who  had  worn  both  indi- 
cated that  sweating  seened  greater  with  the  new  boot.  Four- 


teen  (7.2$)  considered  that  less  s'veating  was  present  with 
the  insulated  boot.  Thirty-four-  (17-4?)  could  observe  no  OF 
ference.  Sixty-seven  (34 *3?)  men  felt  that  foot  discomfort 
was  Bore  pronounced  in  the  shoepac,  while  38(19*5?)  thought 
it  greater  in  the  insulated  boot.  Ninety  (46*1?)  could  die-' 
cem  no  difference. 

TABLE  1 

SUBJECTIVE  IMPRESSION  OF  THE  INSULATED  BOOT 


Comparison  of  the  Insulated  Boot 

Sweat-  with  the  Shoepac 

ing  In-  Sweating 

creased  More  I Less  I Sane 


14th  48  13 

27th  73  39 

35tn  74  20 


BHPH 


35 

34 

54 

40 

52 

55 

123 

(63.1?) 

147 

(75.3?) 

BIBB 


17.4?;(19.5 


It  was  the  impression  of  the  examiners  that  the  over-all  sub- 
jective response  of  the  troops  to  the  boot  was  favorable. 

Many  of  the  men  who  c cemented  on  increased  sweating  and  foot 
discomfort  nevertheless  preferred  the  new  boot  because  of  its 
greater  warmth  and  water  repellent  qualities.  A frequent  com- 
ment elicited  suggested  that  the  so-called  foot  irritation  de- 
creased after  the  individual  became  conditioned  to  the  boot. 
Many  of  the  complaints  registered  arose  when  the  boot  was  worn 
during  relatively  mild  weather  conditions  when  sweating  was 
usually  exaggerated.  It  must  be  kept  in  mind  that  the  sub- 
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j retire  impression  of  increased  sweating  does  not  constitute 
proof  that  sweating  actually  was  increased.  It  nay  he  that 
consciousness  *of  sweat  was  more  marked  since  there  was  less 
opportunity  for  absorption  by  the  single  pair  of  wool  Socks 
and  none  by  the  rubber  lined  boot  interior  as  compared  with 
the  two  pair  of  heavy  ski  socks  and  felt  insole  worn  with  the 
ahoepac. 

B.  Condition  of  the  Feet. 

1.  Epidermophytosis  (Table  2) 

Of  the  281  men  studied,  146  were  wearing  the  insulated 
boot  at  the  time  of  examination.  Forty-nine  others  were 
wearing  the  leather  combat  boot  at  examination  but  had 
worn  the  new  boot  for  varying  periods  of  time  shortly 
prior  to  this  study.  Si;Ay-£ive  men  (44-5?)  of  the  insu- 
lated boot  group  had  gross  evidence  of  epidermophytosis. 
Twenty-one  men  (42.9?)  of  the  group  who  had  worn  the  new 
boot  previously  had  similar  involvement.  A comparison  of 
these  two  percentages,  utilizing  the  standard  deviation  of 
proportions,  revealed  a difference  of  1.6?  or  0.34  sigma. 
This  indicated  that  there  was  no  significant  difference  in 
the  incidence  of  epidermophytosis  between  those  wearing  the 
insulated  boot  at  the  time  of  examination  and  those  who  had 
removed  this  boot  in  favor  of  the  leather  combat  boot  sev- 
eral days  prior  to  examination. 

Of  the  total  group  of  281  men,  86  had  never  worn  the  new 
boot  and  were  clad  either  in  the  shoepac  (64)  or  the  leath- 
er combat  boot  (22)  when  seen.  Of  the  64  men  wearing  the 


shoepae,  19  (29-72)  had  gross  evidence  of  epidermophytosis.. 
Among  t e 22  who  were  wearing  the  combat  boots,  4 (13.22) 
revealed  evidence  of  f'tngus  infection.  The  difference  in 
incidence  of  epidermophytosis  between  thses  two  groups  was 
11.52  or  1.05  sigma.  This  suggests  that  the  incidence  of 
epidermophytosis  was  not  significantly  different  among 
those  wearing  the  shoepec  as  compared  with  those  wearing 
the  leather  combat  boot.  Thus  a total  of  23  men  (26.72) 
of  the  86  who  had  never  worn  the  insulated  boot  had  evi- 
dence of  epidermophytosis.  Comparing  the  percentages  of 
epidermophytosis  in  those  who  had  worn  the  insulated  hoot 
with  those  who  had  never  worn  them,  a difference  of  17*32 
or  2.9  sigma  was  found.  Such  a difference  in  the  percent- 
age of  occurrence  of  epidermophytosis  in  the  two  groups 
could  be  expected  to  occur  by  chance  alone  once  in  267 
times.  The  inference  was  that  the  wearing  of  the  insulat- 
ed boot  contributed  significantly  to  an  increased  incidence 
of  epidermophytosis.  This  inference  was  further  strength- 
ened by  the  fact  that  73  soldiers  examined  from  the  27th 
Infantry  Regiment  (Table  2)  had  worn  the  new  boot  either 
at  examination  or  shortly  before.  The  27th  Infantry  Reg- 
iment was  the  only  one  of  the  three  studied  wiiich  was  in 
a regimental  reserve  area  at  the  time  of  the  survey.  In 
the  reserve  area,  where  opportunities  for  proper  foot  hy- 
giene were  better  than  at  the  front  lines,  the  73  men  vfco 
had  worn  the  insulated  boot  still  had  a higher  incidence 
of  fungus  infection  (41.12)  than  the  86  men  in  actual  cod- 


bat  who  were  wearing  the  shoe  pa  <;  or  the  leather  boot 

(26.7$). 

TABLE  2 

INCIDENCE  OF  EPIDERMOPHYTOSIS  AMONG  281  OOJ-EAT  SOLDIERS  ACCORDING  TO 
TYPE  OF  BOOTGEAR  WORN  KOREA,  1951-52 


Bootgear  Worn 
at  time  of 
Examination 

History  of  Having 
Worn  Insulated  Boot 

History  of  not  Having 
Worn  Insulated  Boot 

No.  of 
Cases 

Evidence  of 
Eniderreorh-rtosis 

No.  of 
Case3 

Evidence  of 
3pldermoph7t03is 

Insulated  Boot 

146 

65  (44.52) 

Shoepac  (Rubber) 

— 

— 

64 

19  (29.7?) 

Leather  Boot 

49 

21  (4 2.92) 

22 

4 (18.2?) 

Total 

195* 

86  (44.02) 

86** 

23  (26.7?) 

^Includes  73  soldiers  for  the  27th  Regiment  in  reserve  among  wuem 
30  (41?)  had  evidence  of  epidermophytosis 

Soldiers  examined  iranediately  after  arrival  free  front-line  positions 


2.  Erythema,  Hypsrhidrosis  and  Maceration 

As  has  been  stated  previously,  of  the  195  men  who  had 
worn  the  insulated  boot  (Table  3,  Group  I. a),  146  were 
wearing  it  at  the  time  of  examination.  The  remaining  49 
men  had  recently  changed  to  the  leather  combat  boot. 

Among  the  146  men  wearing  the  new  boot,  56  (38.3?)  had 
evidence  of  hyperhidrosis,  56  (38.3/0  showed  maceration  and 
80  (54«7?)  revealed  erythema.  Considering  these  mani- 
festations in  the  49  men  wearing  the  combat  boot  (Table  3 
Group  1,  b),  there  were  nir.e  (18. 4?)  cases  of  hyperhi- 
drosis, five  (10.2?)  of  maceration  and  18  (36.7?)  of 
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.erythema.  Comparing  these  percentages  by  the  method  of 
standard  deviation  of  proportions  (Table  4,  Croup  I)  it 
ms  found  that  there  Mere  significant  differences  between 
the  two  groups  in  the  respective  incidence  of  hyperhidro- 
eis,  maceration  and  erythema.  This  indicated  that  unlike 
the  situation  described  previously  with  regard  to  epi- 
dermophytosis, hyperhidrosis,  maceration  and  erythema  were 
significantly  decreased  in  incidence  by  removal  of  the  in- 
sulated rubber  boot  in  favor  of  the  combat  boot  - even  for 
a brief  period  of  a few  days  prior  to  examination. 

In  order  to  evaluate  further  the  .role  of  the  insulated  boot 
in  the  production  of  hyperhidrosis,  maceration  and  erythema,  a 
sampling  of  front-line  soldiers  who  had  never  worn  this  type 
of  bootgear  was  examined  for  purposes  of  comparison.  This 
group  included  86  men,  & of  whom  were  wearing  the  shoepac 
and  22  the  leather  combat  boot  at  the  time  of  examination. 

Iha  incidence  of  hyperhidrosis,  maceration  and  erythema  among 
these  men  is  shown  in  Table  3,  Croup  II.  In  Table  4,  it  is 
demonstrated  that  there  was  no  significant  difference  in  the 
respective  percentages  of  occurrence  of  hyperhidrosis,  macera- 
tion and  erythema  among  the  64  men  wearing  the  shoepac  and 
the  22  wearing  the  leather  combat  boot.  In  the  third  section 
of  Table  4 the  percentages  of  hyperhidrosis,  maceration  and 
erythema  among  troops  who  had  recently  changed  from  the  in- 
sulated boot  to  the  leather  caabat  boot  and  those  who  had 
worn  only  the  shoepac  or  the  leather  combat  boot  are  ccm- 
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TABLE  3 


TABLE  4 

COMPARISON  OP  STANDARD  DEVIATIONS  OP  PERCENTAGES  IN  TABLE  3 
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pared,  these  differences  Jr<  percentages  were  not  signifi- 
cant in  the  case  of  hyperhidrosis  and  maceration,  however, 
they  were  significant  where  erythema  was  concerned.  It 
was  therefore  concluded  that  whatever  effect  the  insulated 
boot  may  have  had  in  the  production  of  hyperhidrosis  and 
maceration  it  was  reversible  by  replacing  this  bootgcar  by 
the  leather  boot  for  a brief  period  of  several  dayB.  The 
minimal  period  required  has  not  been  determined.  However, 
it  was  apparent  from  the  data  that  erythema  persisted  in 
higher  incidence  even  after  the  change  from  the  insulated 
boot  to  the  leather  combat  boot.  The  significance  of  this 
finding  was  not  entirely  clear  but  it  nay  be  postulated 
that  since  erythema  was  the  earliest  finding  to  appear  when 
the  insulated  boot,  was  worn  for  unduly  long  periods  of  tine 
it  may  also  be  the  last  finding  to  remain  in  the  reversal 
of  the  process. 

The  final  step  remaining  in  evaluating  the  effect  of  the 
insulated  boot  is  the  comparison  of  percentages  of  hyperhi- 
drosis, maceration  and  erythema  in  troops  wearing  the  new 
insulated  rubber  boot  at  the  time  of  examination  with  those 
men  who  have  never  worn  them.  In  Table  4,  Section  4,  dif- 
ferences in  percentages  in  these  three  manifestations  are 
significant.  This  seems  clearly  to  indicate  that  hyper- 
hidrosis. maceration  and  erythema  exist  in  higher  order 
of  frequency  among  combat  soldiers  (whose  activities  and 
equipment  are  otherwise  comparable)  when  wearing  the  new 
insulated  rubber  boot  than  :<hen  wearing  the  -hoepac  or 
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the  leather  combat  boot,  the  data  farther  suggested  that 
removal  of  the  new  boot  and  change  to  a different  type  of 
bootgear  will  limit  the  incidence  of  maceration  and  hyper- 
hidrosis  evn  in  a man  who  had  worn  the  new  boot  in  recent 
days  prior  to  examination.  The  residual  finding  of  ery- 
thema, however,  and  fungus  infection,  the  latter  a more 
chronic  process,  was  shown  to  reaain  elevated  in  incidence 
for  an  undetermined  period  of  time  even  after  removal  of 
the  new  boot. 

Of  the  281  men  included  in  this  study,  33  (11-15?)  were 
Negro.  This  represented  a sampling  consistent  with  the 
over-all  Eighth  Army  percentage  of  Negro  troops  at  the 
regimental  level.  However,  the  absolute  number  of  Negro 
troops  examined  was  too  small  to  permit  statistical  com- 
parison of  incidence  of  the  various  phenomena  described, 
on  a racial  basis. 

C.  Subjective  Evaluation  of  the  fonaula  7 foot  povder. 

Two  hundred  and  nine  of  the  entire  group  of  261  men  had  ex- 
perience with  the  use  of  the  foot  powder.  Of  these,  31  volun- 
teered the  ccrplaint  of  caking.  Forty-one  observed  no  benefit 
frejn  the  po-,rier.  One  hundred  sixty-three  considered  that 
sweating  wa.3  limited  by  the  foot  povder.  A breakdown  of  these 
data  is  seen  in  Table  5» 
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TABLE  5 

SUBJECTIVE  IMPRESSION  OF  FORMULA  V FOOT  POWDER 


\ 

• . * 

V I 


Regiment 

No.  of 

Cases 

Complaints 
Cakinj?  Mise* 

Sweating 

Reduced 

No 

Benefit 

14th 

67 

10 

4 

50 

15 

27th 

58 

2 

43 

14 

35th 

8 4 

mm. 

3 

. 

70 

12 



Total 

209 

31(14.82)  9(4.32) 

163(77.92)’ 

41(19.6*) 

17.  SUtMAKT  AND  CONCLUSIONS 

Front-line  soldiers  (281)  from  the  3 regiments  of  a United  States 
infantry  division  were  examined  in  Korea  in  March  1952  for  sequelae  fol- 
lowing the  wearing  of  the  new  insulated  rubber  combat  boot.  Comparison 
was  made  with  other  standard  bootgear.'  Subjective  troop  reaction  to 
the  new  insulated  boot  was  obtained. 

While  147  of  the  195'  men  who  had  ven  the  new  boot  felt  that  it 
increased  sweating  of  the  feet,  the  general  subjective  reaction  to  the 
boot  was  highly  favorable. 

The  incidence  of  epidermophytosis,  hyperhidrosis,  maceration  and 
erythema  was  significantly  higher  .vn  men  wearing  the  insulated  boot  than 
in  those  wearing  the  shoepac  or  the  leather  combat  boot.  Significantly 
higher  incidence  of  epidermophytosis  and  erythema  persisted  even  when 
the  insulated  boot  had  been  replaced  *-y  he  le,  ‘.her  car.bat  boot  a few 
days  prior  to  examination. 

No  effort  was  made  to  weigh  the  benefits  of  the  new  boot  in  with- 
standing severe  wet-cold  environments  against  the  several  adverse  se- 
quelae which  may  arise  frea  wearing  the  boot  under  certain  conditions 
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as  described  in  this  report. 

It  is  emphasized  that  careful  attention  to  foot  hygiene,  daily 
seek  change,  avoidance  of  prolonged,  uninterrupted  wearing  of  the  boot' 
and  interdiction  of  the  use  of  the  boot  under  warmer  weather  conditions 
than  those  for  which  it  was  designed  are  essential  principles  in  the  op- 
timal performance  of  the  Army  Insulated  rubber  combat  boot.  Disregard 
of  these  principles  may  lead  to  a temporarily  incapacitating  foot  syn- 
drome consisting  of  varying  degrees  of  tenderness  and  pain,  erythema, 
hyperhidrosis  and  maceration.  Fungus  infection  may  be  superimposed  on 
the  above  or  may  occur  as  an  isolated  finding  with  an  increased  indi- 
dence. 

Interrogation  of  209  troops  who  had  used  the  formula  7 foot 
powder  revealed  some  evidence  of  its  effectiveness  in  reducing  sweat- 
ing of  the  feet. 

V.  ADDBOTH 

In  addition  to  the  data  presented  above,  3cme  200  troops  frem 
other  United  States  infantry  divisions  and  miscellaneous  Eighth  Amy 
units  were  interviewed  at  a mobile  army  surgical  hospital  concerning 
their  general  impression  of  the  insulated  boot  and  the  use  of  anhidro- 
tic  foot  pewder.  The  consensus  was  that  the  new  boot  was  more  comfort- 
able than  the  shoepac,  that  it  afforded  better  protection  against  cold 
and  that  it  was  in  general  more  desirable  in  spite  of  the  apparent  in- 
crease in  foot  perspiration.  An  occasional  soldier  complained  that  the 
top  of  the  boot  rubbed  against  his  leg,  but  no  instance  of  infection 
produced  in  this  manner  was  obsenr  d.  Among  this  same  group  of  men,  it 
was  apparent  that  the  use  of  foot  powder  was  sporadic.  The  powder  --ms 
not  always  available.  Caking  wa3  a frequent  complaint.  Burning  and  an 


offensive  odor  of  the  feet  was  an  occasional  complaint.  There  was 
sane  feeling  that  the  new  formula  V powder  was  more  effective  in 
controlling  sweating  than  the  powder  previously  used. 
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A STUDT  OP  THE  PERSONALITT  TRAITS  OP  FROSTBITE  CASUALTIES 

I.  INTRODUCTION 

A psychiatric  study  of  frostbite  eases  was  conducted 
at  Osaka  Army  Hospital,  Osaka,  Japan  from  December  1951  through 
April  1952.  The  purpose  of  the  study  as  outlined  by  the  Office 
of  the  Surgeon  General  was  •’to  determine  the  personality  patterns 
of  personnel  susceptible  to  cold  injury  in  combat,  and  the 
nature  and  extent  of  affective  and  intellectual  factors  in  the 
etiology  of  cold  injury”.  The  investigators  also  were  interested 
in  any  evidence  of  self-inflicted  cold  injury.  The  investigation 
was  conducted  by  a te3a  composed  of  a psychiatrist,  a clinical 
psychologist  and  a psychiatric  socia1  worker. 

II.  KCTKOP 

A.  Subjects 

Three  groups  of  subjects  consisting  of  a frostbite 
group  and  tvo  control  groups  were  investigated. 

Group  I,  the  study  group,  was  composed  of  51  frostbite 
patients  selected  fran  110  patients  undergoing  phy3io- 
t logical  studies  in  an  investigation  of  frostbite.  The 

criterion  used  in  selection  was  that  the  subjects  be 
able  to  take  psychological  tests  without  limitations  in 
mobility  of  the  cm3  and  hands.  Forty-one  of  the  51 
subjects  had  sustained  a “severest"  injury  of  third  or 
fourth  degree,  and  10  cases  had  a "severest"  injury  of 


second  degree.  Forty-seven  subjects  had  frostbite  of 
the  feet,  three  of  the  feet  and  hands  and  one  o'  the 
hands  exclusively. 

Croup  II,  the  hospital  control,  was  a group  of  20 
patients  hospitalized  for  combat  wounds  other  than  cold 
injury.  These  ncn  were  from  the  same  region  and  units 
as  the  frostbite  subjects.  They  had  been  wounded  on 
the  same  day  or  within  a few  day-3  of  the  time  the  frost- 
bite subjects  received  their  injuries.  Nineteen  of  these 
subjects  were  performing  combat  duties  when  injured. 
Gunshot,  shell  fragment  and  missile  wounds  of  the  face, 
neck,  thorax  and  extremities  constituted  the  injury  in 
16  subjects.  Three  sustained  fractures  in  combat  and  one 
in  a Jeep  accident.  Only  20  subjects  in  this  category 
could  be  obtained  from  the  three  army  hospitals  in  the 
Osaka  area. 

The  second  control  group.  Group  III,  the  combat  control 
group,  was  composed  of  51  subjects.  This  was  a sample 
from  a group  of  men  who  i,-ere  subjected  to  the  sane  environ 
mental  stress  in  tims,  geographical  location  and 
activity  as  the  frostbite  subjects.  The  individuals  in 
the  combat  control  group  were  selected  from  a squad, 
patrol  or  other  small  unit  in  which  someone  (who  say  or 
may  not  have  been  a member  of  the  patient  study  group) 
sustained  frostbite.  The  subjects  in  the  combat  control 


group  were  functioning  combat  soldiers,  without  injury, 
on  duty  in  Korea  at  the  time  they  were  studied. 

The  racial  composition  of  the  three  groups  was 
restricted  to  United  States  Whites  and  negroes.  Puerto 
Ricans  and  Hawaiiarss  were  excluded  because  of  possible 
language  difficulties.  The  frostbite  study  group  con- 
sisted of  26  Whites  a;id  25  .'dgroes.  The  hospital  control 
group  included  20  Whites.  The  combat  control  group 
included  51  Whites.  All  of  the  subjects  were  enlisted 
men  with  the  exception  of  or.e  officer  in  the  hospital 
control  group.  Kegro  controls  were  not  used  in  the 
hospital  and  combat  groups  because  they  could  not  be 
obtained  in  sufficient  numbers. 

Tests 

The  study  and  hospital  control  groups  were  investigated 
by  the  following  procedures.  A social  history  was  taken, 
psychological  tests  were  ariiinistored  and  each  subject 
was  seen  in  a psychiatric  interview.  The  t»*st3  adminis- 
tered were  the  Wechsler-Ecllevue  Intelligence  Scale 
(Form  I),  the  Minnesota  Hultiphasic  Personality  Inventory 
(M'lPI),  the  Structured  Sentence  Completion  Test  (SC), 
eight  selected  cards  of  the  Thematic  Apperception  Test 
(TAT)  and  the  Rorschach  Test.  The  combat  control  group 
was  administ  red  the  same  battery  of  psychological  tests, 
b’.:t  only  a part  of  the  group  was  interviewee  for  a 
social  history,  and  none  of  the  group  was  seen  for  a 
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psych;  atrie  interview.  The  study  and  hospital  control 
groups  were  tested  in  a hospital  in  Japan,  while  the 
combat  control  group  was  tested  in  tents  near  the  front 
lines  in  Korea.  The  social  histories  were  taken  by 
technicians  of  the  Social  Service  Department.  Psycho- 
logical technicians  administered  the  psychological  tests. 
These  workers  had  had  hospital  experience  and  training 
and  were  supervised  by  professional  workers,  the 
psychiatrist  conducted  each  psychiatric  interview. 

C*  Initial  Organization  of  the  Data;  The  Initial-Measures 

The  social  history  interview  obtained  a record  of 
basic  identifying  and  personal  history  data  (including 
military  history).  The  information  "as  obtained  in  one 
interview.  The  items  included  in  the  interview  are 
listed  in  Appendix  I. 

Each  subject  wa3  seen  for  one  psychiatric  interview, 
approximately  one  hour  in  duration.  Several  subjects 
were  seen  for  additional  interviews  and  three  men  were 
transferred  to  tbs  psychiatric  service  for  treatment. 

Hie  information  was  written  as  it  was  obtained  during 
the  interview,  and  it  was  later  recorded  in  systematic 
order  on  a form.  The  form  ysed  is  given  in  Appendix  II. 

The  data  obtained  from  the  social  history  and  psychi- 
atric interviews  were  used  as  a basis  for  formulating  a 
series  of  categories  into  which  the  data  could  be  placed 
for  the  purpose  of  making  quantitative  comparisons 
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between  subjects.  A set  of  items  was  written  for  the 
measurement  of  the  variable  defined  by  each  category. 

The  measures  thus  formed  will  be  referred  to  as 
interview- initial-measures.  They  covered  the  following 
categories: 

1)  Age  at  last  birthday. 

2)  Education  recorded  by  2-year  intervals. 

3)  History  of  serious  illness  (The  duration  of 
longest  continuous  illness,  whether  3*  6>  12 
or  more  months). 

4)  Humber  of  accidental  injuries  (Accidents  for 
which  medical-  care  was  needed  or  from  which  there 
was  some  temporary  incapacity.  Up  to  six 
accidents  were  listed  separately.  Six  or  more 
were  listed  together). 

5)  Attitude  towards  illness  ard  accidents  other 
than  cold  injury  (This  was  rated  as  of  no 
concern,  some  concern  or  serious  concern). 

6)  Reaction  to  cold  injury  (The  attitude  of  the 
subject  toward  his  removal  from  the  front  and 
his  concern  about  the  future  consequences  of 
his  frostbite  were  evaluated  in  six  steps). 

7)  Evidence  of  predisposition  to  cold  injury  (The 
subject’s  report  of  previous  cold  injury  was 
the  only  datum  considered  as  evidence). 
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8)  Evidence  of  self-inflicted  cold  Injury 

(Evaluated  as  existing  with  varying  degrees  of 
certainty,  from  none  to  admission  of  intent). 

3 9)  Attitude  toward  induction,  broken  down  into  . 

several  degrees  of  acceptance-rojection. 

10)  Attitude  toward  assignment  to  Korea,  both  at 
tine  of  assignment  and  at  time  of  examination* 

11)  Compliance  with  cold  weather  training  (Reason- 
able precTjtionary  measures,  failure  to  follow 
instructions  due  to  lack  of  equipment  or  other 
•situational  factors,  failure  to  follow  instruc- 
tions even  though  equipment  available  and 
situation  permitted). 

12)  Home  background,  categorized  as  either  separation, 
divorce  or  death  of  parents  before  the  subject’s 
eighth  birthday. 

A clinical  evaluation  of  each  individual  in  the  study 
and  hospital  control  groups  was  made  jointly  by  the 
psychiatrist  and  clinical  psychologist.  This  evaluation 
was  based  on  the  social  history,  psychiatric  interview  and 
psychological  test  data.  Approximately  one  hour  was 
spent  in  studying  and  evaluating  each  care  after  the 
psychological  tests  had  been  scored. 

A set  of  personality  traits  which  should  be  evaluated, 
together  with  a scale  of  items  for  rating  each,  was 
formulated  before  the  clinical  evaluations  were  mrde. 
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7)  Attitude  toward  mother:  Rated  the  same  way 

as  No.  6. 

8)  Attitude  toward  siblings:  Rated  the  same  way 

as  Mo.  6. 

9)  Attitude  toward  authority:  Rated  the  same  way 

as  No.  6. 

10)  Personality  adjustment  evaluated  as  follows: 

a)  Normal  range  of  adjustment. 

b)  Neurotic  personality  - not.  incapacitated 
by  symptoms. 

c)  Suggestive  neurosis. 

d)  Overt  neurosis. 

e)  Pathological  personality. 

f)  Latent  or  overt  psychosis. 

g)  Psychiatric  disorder  of  an  organic  reaction 

. type  (Classified  according  to  army  nomenclature). 

h)  Immaturity  reaction. 

The  interview- initial-measures  and  the  clinical- 
evaluation-initial -measures  mentioned  above  were  com- 
plemented by  a 3et  of  test-initial-neasures  obtained 
from  the  scoring  of  the  psychological  tests.  Each  of 
the  standard  and  each  of  the  especially  designed 
measures  mentioned  in  the  description  of  the  tests 
which  ironediately  follows,  will  be  referred  to  as  a 
test-initial-measure. 
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The  Wechsler- Bellevue  used  consisted  of  all  11  sub- 
tests of  Fori  1 of  the  Yfochsler-Bellevue  Intelligence 
Scale. 

The  Minnesota  Hcltiphasic  Personality  Inventory 
(HHPI)  consisted  of  all  550  items  of  the  inventory  and 
was  scored  with  the  K factor  added.  This  scoring 
yielded  the  13  conventional  T-scores  (four  for  the 
validity  scales  and  nine  for  the  clinical  scales). 

The  T-scores  for  the  nine  clinical  scales  were  used  for 
making  comparisons  between  subjects*  and  they  were  also 
used  in  obtaining  three  derived  measures  for  each 
subject,  namely:  1)  Code  Type  (1),  2)  Welshes  Anxiety 

Index  (2)  and  3)  Welsh’s  Internalization  Ratio  (2). 

The  formulae  for  these  derived  scores  appear  in 
Appendix  111.  Section  A. 

The  Theaatic  Apperception  Test  (TAT)  used  was  limited 

a 

to  those  cards  which  apparently  would  be  most  likely  to 
give  indications  of  dependency,  impulsivity  and  hostility 
in  the  subject#  namely,  the  male  cards  JBi,  U,  6EM. 

7 Bit  12M.  13MF,  14  and  17BM.  The  subject  wrote  the 
stories  himself  instead  of  dictating  them  to  the 
examiner.  All  the  stories  produced  by  a given  -subject 
were  studied  and  given  a rating  on  each  of  the  traits 
mentioned  above  for  all  the  stories  "s  a group.  For 
each  of  the  tralt3»  a rating  of  "no  data"  was  given  in 
cases  where  the  stories  gave  no  indication  as  to  whether 
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the  subject  did  or  did  not  possess  the  trait  in  question* 
When  the  stories  did  give  some  indication  of  the  presence 
of  the  trait,  the  subject  was  rated  as  falling  into 
one  of  several  categories  for  each  trait,  as  follows: 

1)  Dependency:  Mo  data,  markedly  dependent, 

average,  markedly  independent. 

2)  Impulsivity:  No  data,  markedly  non- impulsive, 

average,  markedly  impulsive. 

3)  Hostility:  No  data,  average,  strong  towards 

others,  strong  towards  the  self,  strong  towards 
both  others  and  the  self. 

4)  Direction  of  Hostility:  Hostility  towards  one  of 

the  following:  females;  males;  authority; 

males  and  females;  authority  and  females; 
authority  and  males;  males,  females  and  authority; 
generalised  hostility  with  the  object  of  hostility 
uncertain. 

The  sentence  completion  test  used  was  Form  H of  the 
Structured  Sentence  Completion  Test  of  Bertram  R.  Forer. 
This  test  consisted  of  100  items,  54  of  which  were 
divided  into  sets  of  items.  Each  set  dealt  with  a 
separate  personality  characteristic  of  the  subject. 

The  characteristics  measured  by  these  several  sets  were: 
attitude  toward  father,  mother,  people  in  general  and 
authority  (each  separately);  dominant  drives  of  the 
subject;  method  of  responding  to  aggressive  acts  against 
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himself;  method,  of  responding  to  failure;  and  the 
situation  or  person  usually  causing  depression,  anxiety, 
and  feelings  of  guilt  (each  separately).  There  were 
five  test  items  for  each  personality  characteristic 
except  drives j for  which  there  were  nine.  In  this 
study,  one  of  the  items  for  drives  (item  Ho.  98  "If 

I were  King,  I would ) was  not  used  in  the  scoring, 

reducing  the  number  of  items  for  drives  from  nine  to 
eight.  Each  personality  characteristic  was  scored  as 
being  either  present  or  absent.  Ho  attempt  was  made  to 
differentiate  varying  amounts  of  the  characteristic. 

A giver,  characteristic  was  considered  present  if  the 
subject's  answers  indicated  its  presence  in  three  or 
more  of  the  set  of  items  measuring  the  characteristic. 

In  the  case  of  the  drives  category,  this  made  it  possible 
for  the  subject  to  show  two  different  drives  as  there 
were  eight  items  in  this  category.  The  subject  answered 
all  100  items  in  the  test,  but  only  53  items  were  scored 
and  used  in  the  study.  Forty-seven  items  were  deleted 
because  they  could  not  be  categorised  and  properly 
evaluated  as  described  above. 

After  the  scores  on  each  of  the  personality  character- 
istics listed  above  were  obtained,  these  scores  were  used 
in  comparing  subjects.  They  also  were  used  to  secure 
scores  on  two  additional  characteristics,  namely: 
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1)  over-all  attitude  towards  authority  figures  (fathar, 
mother  and  authority*  as  a group)  and  2)  hostility- 

The  scoring  guide  used  in  scoring  the  tests  was 
developed  by  the  workers  in  the  psychiatric  phase  of 
the  cold  injury  project  at  Fort  Knox  and  appears  in 
Appendix  III,  Section  B. 

The  Rorschach  Test  was  administered  and  scored  by  the 
Klopfer  and  Kelley  method.  The  scores  for  each  of  the 
Klopfer  and  Kelley  categories  were  used  in  obtaining 
scores  on  five  scales  developed  by  the  workers  in  the 
cold  injury  project  at  Port  Knox. 

Tha  five  scales  were  developed  from  two  factor  analyses 
of  the  Rorschach  carried  out  by  Witten  bom.  The  first  (3) 
analysis  was  based  upon  the  Rorschach  protocols  of  92 
Tele  undergraduates  and  yielded  four  factors  which 
Wittcnbem  designates  as  Factors  ji*»  II*.  HI*  and  IV*. 

The  second  (A)  was  based  upen  the  Itorschachs  of  100 
psychiatric  patients  and  also  yielded  four  factors, 
which  he  called  A.  B,  C and  D.  Examination  of  the 
factor  loadings,  on  the  Rorschach  scoring  categories 
(such  as  W,  0,  3d.  M,  FM»  FC,  etc.)  in  tho  rotated 
factor  matrices  for  the  two  studies,  indicated  that 
three  of  the  factors  were  common  to  both  studies  while 
one  factor  in  each  study  was  without  a corresponding 
factor  in  the  ether.  Factor  I*  of  the  first  study  was 
apparently  the  equivalent  of  Factrr  A of  the  second; 
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the  factor  cam  on  to  both  studies  was  therefore 
designated  Factor  I*A.  Factor  III*  of  the  first  stufy 
seemed  to  be  the  same  as  Factor  B of  the  second;  the 
cannon  factor  was  called  XIX* B.  A third  factor  derived 
frca  the  two  studies  may  be  labeled  Factor  IV*  C« 

Factor  II*  of  the  first  study  and  D of  the  second  i'j 

remained  as  two  dissimilar  single  factors.  Thus  a 
total  of  five  factors  could  appear  when  Rorschachs  were 
given  to  subjects  containing  both  normal  and  abnormal 
individuals.  A scale  for  measuring  each  of  the  factors 
was  devised  as  follows. 

The  rotated  factor  matrices  were  examined.  All 
Rorschach  scoring  categories  which  had  a factor  loading 
of  0.300  or  more  in  both  Factor  I*  of  the  first  study 
and  Factor  A of  the  second  were  selected  as  being 
measures  of  the  corrr.on  Pactor  I*A.  Similarly,  all 
Rorschach  scoring  categories  with  a 0.300  or  greator 
loading  in  the  appropriate  factors  in  both  studies 
were  considered  to  bo  measures  for  Factors  XII* B and 
IV*C  respectively.  All  those  having  a loading  of 
0.300  or  more  in  Factor  II*  in  the  first  study  were 
selected  as  a measure  of  this  factor,  and  those  with  a 
loading  of  0.400  or  more  in  Factor  D in  the  second 
study  as  a measure  of  the  latter.  The  higher  criterion 
was  used  for  Factor  D because  it  contained  a larger  4 

number  of  scoring  categories  with  heavy  loadings  from 
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which,  to  choose.  After  the  scoring  categories  for  each 
factor  had  been  selected  by  the  above  criteria,  the  0 and 
R categories  were  eliminated.  The  0*s  were  eliminated 
because  the  Rorschachs  administered  in  the  present  study 
were  not  scored  for  0 responses.  The  R*s  were  not  used 
because  R was  selected  in  more  than  one  factor  by  the 
above  criteria,  and  its  magnitude  was  so  great  that  it 
might  have  overshadowed  the  effect  of  the  other  categories 
of  response  belonging  to  these  factors.  Saeh  of  the  five 
factors  was  arbitrarily  labeled  with  the  name  of  the  trait 
which  the  Rorschach  theory  and  general  psychological 
theory  seemed  to  indicate  to  be  the  best  descriptive 
title  for  the  factor.  The  resulting  factors  with  their 
scoring  categories  and  names  are  listed  below: 

I’A  (Sum  of  5.  a.  FC)  - Negativism. 

m»B  (Stun  of  Vf»  K.  C«  CF.  c)  - Impulsiveness. 

IV’C  (Sum  of  Dt  d>  Dd,  S,  F)  - Compulsiveness 

(Alternate  title  - Fluency). 

II*  (Sum  of  X.  C#  Ci  P)  - Freedom  from  intellec- 
tual inhibitory  control. 

D (Sum  of  D,  M,  #V.  FK,  C»,  FC)  - Intelligence 

or  Integrative  Ability. 

For  each  subject  a score  was  obtained  for  each  factor 
by  counting  tho  total  number  of  responses  in  the  several 
scoring  categories  belonging  to  that  factor. 
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7be  scores  on  these  five  factors,  together  with  the 
scares  on  K,  Suo-C,  M minus  Staa-C,  T%,  B,  number  of 
aggressive  responses  arvd  chromatic  minus  achromatic 
reaction-time  constituted  the  test-initial-measures  for 
the  Rorschach.  The  Rorschach  patterns  as  a whole  were 
considered  during  the  clinical  evaluation  procedures, 
but  individual  Rorschach  scoring  categories  other  than 
those  Just  mentioned  were  not  used  as  test-initial- 
measures.  All  other  scales  cited  above  in  connection 
with  the  various  tests  were  used  as  test-initial- 
measures,  excepting  only  the  validity  scales  of  the  KHPI. 

Wien  the  scores  had  been  secured  for  all  the  test- 
initial-measures,  there  resulted  a total  of  hi  scores  for 
each  subject  in  the  combat  control  group  (all  of  which 
were  scores  on  test-initial-oeasures),  and  6h  scores  for 
each  subject  in  the  study  and  hospital  control  groups 
(derived  from  all  initial-measures).  Seme  of  these  were 
scores  in  the  true  sense  of  the  word,  in  that  they  gave 
the  subject  a nurcber  indicating  his  performance  on  the 
measure,  e.g.,  I.Q.s  98.  Others  gave  no  numerical  value 
to  the  response,  but  only  placed  it  in  a category,e.g., 
attitude  toward  father,  acceptance,  rejection  or  seme 
other  category  of  response.  Scores  of  the  former  type 
•were  summarized  for  a group  of  subjects  by  determining 
the  mean  score  for  the  group.  Scores  of  the  latter 
type  were  sirmnarized  by  stating  the  frequency  (number  of 
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subjects)  in  the  group  of  each  of  the  several  categories 
of  response.  For  example*  the  frequencies  lor  the 
various  categories  of  response  for  the  initial -measure 
attitude  toward  father  for  a group  of  25  subjects  might 
be:  unclear*  5.  aecep'.ance,  16;  rejection.  3;  anxiety.  1. 

In  this  illustration,  four  frequency  scores  were  required 
to  represent  the  group’s  score  on  a single  initial- 
measure.  even  though  each  subject  gave  only  one  response. 

' This  relationship  of  single  scores  for  the  individual 
subjects  yielding  multiple  scores  for  the  group  was  typi- 
cally the  case  with  initial-measures  which  involved  frequency 
scores. 

Either  the  mean  score  or  the  frequency  of  response  category 
score(s)  was  obtained  for  each  initial-measure  for  each  of 
the  three  groups  of  subjects.  In  addition*  the  study- 
group  was  broken  down  into  two  subgroups  and  the  corre- 
sponding scores  obtained  for  them.  The  subgroups  were: 

Study  "«gro  (25  cases)  and  Study  White.  (26  cases).  The 
study  group  was  thus  represented  by  three  sets  of  scores, 
i.e.,  one  set  for  the  total  group  and  two  for  the  subgroups. 

L).  Final  Organization  of  the  l;ata;  The  Final-tfeasures 

The  mean  and  frequency  scores  for  the  various  groups 
were  next  studied  to  determine  the  relationships  between 
groups . Graphs  were  drawn  for  most  of  the  measures  and 
tables  were  made  to  facilitate  comparisons  between  groups. 
Calculations  for  significance  of  the  difference  between 
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groups  vere  made  In  typical  cases  until  it  was  learned 
Just  how  large  a difference  was  required  in  order  to 
approach  or  yield  statistically  significant  differences. 

It  then  was  possible  to  determine  those  measures  which 
dearly  and  definitely  showed  no  differences  of  signifi- 
cance between  the  groups  cou pared.  Many  of  the  initial*' 
measures  were  discarded  frca  further  consideration  because 
they  revealed  no  significant  differences.  Others  were 
retained  and  converted  into  new  censures  by  e cabining  logi- 
cally sirdlar  categories  of  response  into  s single  category. 
For  illustration,  the  first  three  categories  oi  the  dinical- 
evaluation-initial-ciaasure  tented  personality  adjustment 
wore  normal,  neurotic  personality  and  suggestive  neurosis. 
From  the  data  it  scorned  that  the  point  in  the  scale  at 
which  tho  psychiatrist  and  psychologist  had  unconsciously 
Bade  the  demarcation  between  the  normal  range  of  adjustment 
and  tho  abnormal  range  of  adjustment  was  between  neurotic 
personality  and  -juggeetive  neurosis,  and  not  at  the  point 
between  normal  end  nourotic  personality.  Hence,  the  latter 
pair  of  categories  were  combined  into  a new  category  termed 
normal  range  of  adjustment,  and  the  frequency  for  this  cate- 
gory was  obtained  by  surging  the  frequency  for  the  two 
parent  categories.  The  new  category,  normal  range  of  adjust- 
ment, was  then  considered  a final-measure. 

Two  more  illustrations  are  presented.  The  test-initial- 
aeasure,  attitude  toward  father,  contained  the  response 
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categories:  . unclear,  acceptance,  rejection  and  anxiety* 
Study  of  the  data  showed  that  acceptance  was  the  only 
one  of  these  showing  any  appreciable  differences  between 
groups,  and  also  that  the  pattern  of  variation  of  fre- 
quencies frees  group  to  group  was  exactly  opposite  for 
unclear  and  rejection  as  compared  to  that  for  acceptance. 

It  seemed  clear  that  the  category  acceptance  summarised  the 
data  for  this  measure,  and  the  frequency  for  this  category 
therefore  became  the  frequency  for  the  final-measure, 
acceptance  of  father,  which  replaced  the  initial-measure, 
attitude  toward  father.  In  sene  cases  one  initial-measure 
was  converted  into  two  or  more  final-measures.  Thus  the 
initial-tert  category,  dominant  drivo,  contained  a large 
number  of  categories,  but  only  two  of  these  were 
answered  positively  an  appreciable  number  of  times  by  the 
subjects.  The  frequencies  for  these  two  categories  became 
the  frequencies  for  two  final-measures,  prestige  drive  and 
escape  drive  replacing  the  one  initial-measure  dominant 
drive. 

The  term  final-measure  was  used  to  signify  all  these 
newly  formulated  measures  and  also  all  initial-measures 
which  were  retained  unchanged  and  used  in  making  the 
final  comparisons  between  groups.  It  should  be  noted 
that  ir.  some  cases  (e.g.  I.Q.)  the  initial  and  the 
final,  measures  were  one  and  the  same.  All  data  reported 


in  the  body  of  this  investigation  are  data  on  final-' 
measures,  except  the  data  derived  from  the  psychiatric 
examination* 

The  study  of  the  data  for  the  initial-measures  revealed 
that  the  differences  between  the  Study-Negro  and  Study- 
White  subgroups  were  so  great  that  it  was  not  Justifiable 
to  ccapare  the  total  study  group  composed  of  the  mixture 
of  these  two  with  the  control  grouos  which  were  composed 
entirely  of  Whites.  For  this  reason,  no  comparisons  were 
made  between  the  total  stud/  group  and  others  using  the 
final-measures.  Instead,  the  designation  Croup  1 wa  - 
reassigned  to  the  Study-^Thlte  group,  and  the  Study- 
Negro  group  was  called  Croup  IN.  The  only  comparisons 
made  with  the  final-measures  ware!  Study-Negro  with 
Study-White,  Study-White  with  each  of. the  control  groups 
and  the  two  control  groups  with  each  other.  The  sta- 
tistical significance  of  the  differences  obtained  for  each 
of  these  comparisons  for  each  of  the  final-measures  was 
calculated  by  chi  square,  the  "t"  test  or  the  direct 
calculation  of  probability,  whichever  was  appropriate. 

III.  RESULTS 

. Kean  or  frequency  scores  for  each  group  of  subjects  are 
given  cn  the  initial-measures  in  Appendix  IV.  A few  initial- 
measures  were  omitted  bocause  the  number  of  answers  was  so 
meager  as  to  yield  practically  no  d-ba.  Appendix  IV  also 
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contains  means  for  each  group  on  each  of  the  subteets  of  the  Y chslerl 
Bellevue  and  on  each  of  the  Rorschach  scoring  categories. 

Data  on  the  final-measures  shoving  differences  between  two  or 
aore  groups  of  subjects  which  were  significant  at  the  1%  and  5% 
level  of  confidence  are  given  in  Tables  1,  2 and  3.  Included  in  the 
tables  are  comparisons  of  measures  which  yielded  only  a 5.1  to  20f 
level  of  confidence  and  could  only  be  considered  as  suggestive  trends 
or  differences.  Every  final-measure  involving  frequency  scores 
basically  possesses  only  one  response  category,  namely  a particular 
response  or  characteristic  of  the  subject.  This  may  be  considered 
as  two  categories,  namely,  l)  presence  and  2)  absence  of  the 
response  or  characteristic.  The  data  for  such  measures  are  pre- 
sented by  stating  the  number  and  percont  of  subjects  in  a given 
group  who  fall  in  tho  presence  category,  i.e.,  have  tho  response 
or  characteristic.  Data  on  those  measures  are  given  in  Tables  1 
ar.d  2.  Data  on  final-measures  involving  mean  scores  are  given  in 
Table  3.  The  results  of  tho  psychiatric  examination  of  the 
patients  and  hospital  controls  are  shown  in  Table  4. 

The  positive  results  together  with  tbjir  sources  are 
summarized  as  followsi 

1*  4t  the  1%  level  of  confidence 

a.  More  of  the  hospital  controls  than  the 
combat  controls  exhibited  drive  for 
prestige,  a enlevement  and  dominance  as 
their  strongest  attributes  (sentence 
completion  test). 
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TABU  k 

DIAGNOSTIC  CATEGORY i ARM!  CLASSIFICATION  COPE  NUMBER 
(Clinieal-Evaluation-Initial-Heasure) 

Number  of  cases  in  Group  IN*  1 and  2 falling 
in  each  category  listed  below 


: i 


Croup 

Amy 
Code 
ro.__. 

IN 

Study 

-ro 

1 

Study 

JMte_ 

2 

Kosp. 

Kbits 

Total  No.  Cases 

*5 

ko 

Z) 

for-  -il 

coco 

io 

16 

16 

Schisophrenic  reaction 
r.i'.iln  true 

.3000  . 

0 

i 

0 

Schisophrenic  reaction 
latent 

l 

0 

0 

3100 

i 

0 

1 

Neurotic  dtpranaive 
re'eti  -n 

31*0 

2 

0 

1 

fjhi—-4-!  r--v--i-i.Hr 

??ro 

3 

1 

1 

■ national  instability 
va action 

3»o 

1 

2 

0 

Passive  depradeney 

1 

1 

Passim  r:--rec:iv3 
?•— t.'n 

3. 

0 

i'avt-il  disord.-a  with 
structural  cbn-a 
5 n b-r  in 

0 
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b.  Korc  of  t-ho  hospital  controls  then  the 
Waite  frostbito  group  took  reasonable 
precautions  against  cold  injury  (interview). 

c.  The  KTiite  frostbito  groups  showed  higher 
full-scale  and  psrfornmce  IQs  than  did 
the  Negro  frostbite  group  (Wechslor- 
Bellovue). 

2.  At  tho  55?  level  of  confidence 

s.  Hors  hospital  controls  than  White  frostbite 
cases  exhibited  drivo  for  prestige* 
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achievement  cr.d  dominance  as  tbejr  strong- 
est att  dbutes  (sentence  completion  test), 
b.  Fewer  of  the  White  frostbite  cases  than 

the  hospital  controls  took  adequate  precau- 
tionary measures  against  cold  injury  when 
circumstances  permitted  such  steps  (inter- 
view) . 

c*  The  White  frostbite  group  was  more 

negativistic  on  the  Eor3chach  test  than  were 
.the  combat  controls. 

d.  The  White  frostbite  group  scored  higher 
on  the  Hypochondriasis  scale  of  the 
Kinnesota  Kultiphf.oic  Personality 
Inventory  then  did  tho  ec-bat  controls. 

e.  The  “father  reaction"  of  the  White 
frestbito  group  was  more  strongly  one 
of  acceptance  than  was  the  reaction  of 
the  Negro  frostbite  group. 

f.  The  Hcgio  frostbite  group  showed  a 
higher  anxiety  index  on  the  MMPI  than 
did  the  Wlii to  frostbite  group. 

3.  At  a "suggestive  level"  utilizing  the  range 
of  5*1  to  20;J  level  of  confidence 
a.  The  cochat  controls  when  compared  to  the 
hospital  coni  .la  showed: 
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1)  Stronger  escape  tendencies  as  their 
dominant  drive  (sentence  completion 

■ test)* 

2)  Lesser  degree  of  acceptance  of  father 
(sentence  completion  test)* 

3)  A greater  acceptance  of  mother 
(sentence  completion  teat). 

A)  Less  tendencies  of  impulsiveness 
(Rorschach)* 

b*  The  Kbits  frostbite  jroup  when  compared 

with  the  hotpita1  controls  showed  t 

1)  A tendency  to  have  s frocuont  history 
of  or  j or  mro  moderately  severe 
accidents  (interview). 

2)  I/s  os  ccncOiti  over  illnesses  and 
accidents  other  than  frostbite 
(into*  /lew)  • 

3)  A tv>rc  etr—n  element  of  boms 
background  of  cop  oration  of  the  par- 
ents before  the  patient,a  ei^ith 
birthday  (interview). 

4)  Laos  narked  dependency  (clinical 
evaluation). 

5)  More  fre^iect-ly  diagnosed  in  the 
category  of  ir.-raturity  reaction 
(clinical  evaluation). 
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6)  Persistence  of  childhood  neurotic 
traits  (e.g.»  nail-biting*  enuresis) 
beyond  the  age  of  6 years  (clinical 
evaluation). 

7)  Less  frequent  guilt  feeling  due  to 
having  harmed  others  (sentence 
completion  test). 

fl)  Fever  cases  tended  to  react  to 
aggression  by  acceptance  (sentence 
completion  test). 

9)  Here  negati viatic  tendencies 
(Rorschach). 

10)  A greater  tendency  to  be  hypo- 
chondriacal (!C3»I). 

The  White  frostbite  group  when  cotqsared 
with  the  ccnbat  controls  tended  to  be 
more  markedly  irpuloive  (Th'.’uatic 
Apperception  Test). 

The  White  frostbite  group  when  compared 
with  the  Kegro  frostbite  group  showed: 

1)  A irore  frequent  history  of  one  or 
more  moderately  severe  accidents 
(interview), 

2)  Fewer  previous  histories  of  cold 


injuries  (interview) 
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3)  A leas  frequent  history  of  aeparetion 
of  parents  before  patients* a eighth 
birthday  as  an  element  of  home 
background  (interview). 

4)  Less  marked  dependency  (clinical 
evaluation). 

5)  A tendency  to  fall  more  often  in  the 
normal  range  of  adjustment  (clinical 
evaluation). 

6)  A tendency  to  be  more  accepting  of 
the  mother  (clinical  evaluation). 

7)  A tendency  to  have  a higher  tolerance 
to  stress  (clinical  evaluation). 

8)  A tendency  lose  frequently  to  mast 
aggression  with  a passive  ecotional 
reaction  (sentc-.ce  cocpletion  tost). 

9)  A tendency  to  react  moro  often  to 
failure  by  restriving  (sentence 
completion  test). 

ID)  A tendency  to  display  stronger 
hostility  toward  self  and  others 
(Thematic  Apperception  Test). 

11)  A tendency  to  have  a higher 
Wechsler-Bellevue  verbal  I.Q. 
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12)  A tendency  to  show  a greater  freedom 
from  intellectual  inhibitory  control 
(Rorschach)* 

13)  A tendency  to  give  fewer  aggressive 
responses  on  the  Rorschach  Test. 

14)  A tendency  to  have  a lower  internali- 
zation ratio  on  the  KMPI. 

15)  A tendency  to  be  less  hypochondriacal 
according  to  the  MKPI. 

It  nust  be  *mpha3ized  that  the  traits  and  characteristics 
cited  above  are  safely  used  only  when  the  measuring  Instrument  is 
also  mentioned.  Their  use  as  a*  clinical  description  is  warranted 
only  insofar  fl3  the  instrument  is  a valid  tool  of  clinical  evalu- 
ation in  the  trait  named.  For  instance,  the  term  ”:nc>re  hypo- 
chondriacal according  to  the  rciFI”  means  no  mere  than  the  subject 
scored  higher  on  the  hypochondriasis  scale  of  the  KTI,  and  not 
necessarily  that  he  displayed  any  clinical  evidence  of  hypochon- 
driasis. 

tv.  .Piscusoiof;  A'.v<  oo?:cl'J3Io?;s 

From  a purely  statistical  viewpoint  it  is  desirable  that 
the  cor  pa  risen  groups  be  as  large  .13  possible.  The  principal 
ad'/'.::, .age  of  increased  group  size  is  that  group  statistics  and, 
consequently,  comparison  statistics,  become  core  reliable.  For 
this  reason  it  would  be  highly  desirable  to  be  able,  legitisately, 
to  consider  all  of  the  frostbite  cases  as  a single  group  on  one 
hand,  ar.d  all  of  the  conti-ols  as  a single  group  on  the  other. 
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Whether  or  not  such  a c cabining  procedure  Is  acceptable 
depends  primarily  on  the  respective  subgroups  (White  frostbite. 

Negro  frostbite,  coubat  controls  and  hospital  controls)  being 
essentially  homogeneous  with  respect  to  the  measured  variables 
when  combined.  An  examination  of  ths  results  casts  serious  doubt 
on  the  validity  of  this  process  for  aggrandising  the  staple 
size.  For  instance,  thero  wora  sigiificant  differences  between 
tha  two  frostbite  subgroups  in  such  variables  as  full-scale  and 
performance  IQs.  in  reactions  toward  father  and  in  the  anxiety 
index  of  the  f£2*X.  The  two  control  subgroups  likewise  showed  a 
difference,  i.o..  in  dcrinant  drive. 

Furthers  ro,  since  larger  sample  sicca  will  disclose  rare 
readily  significant  differences  b>tr;>~i  groups,  scientific  rigor 
demands  that  evidence  opposing  the  enlarging  of  ths  erc-plo  by 
combining  subgroups  fco  cost  stringently  applied.  In  this  light 
oao  erjet  consider  the  su^gentivu  rsrulto  mentioned  in  tha  last 
section  as  strong  roman  for.  not  cabining.  Ths  individual 
subgroups  ware  kept  separate  for  this  r«eron,  and  they  were 
considered  as  major  groups. 

Since  it  was  felt  that  combining  Negro  frostbite  with  White 
frostbite  cases  was  not  allowable,  there  seemed  to  ba  little 
Justification  for  comparing  Negro  frostbite  with  White  controls. 
Consequently,  comparisons  across  the  frostbit*,  variable  ware  only 
between  Whit*  groups. 

As  sight  be  expected  th3  frostbite  group  (only  V.'ite  subject  j) 
utilized  fever  precautions  against  cold  injury  than  did  the  hospital 
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controls.  This  was  not  conclusive  evidence  of  willful  intent  or 
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self -infliction  on  the  part  of  the  frostbite  patient.  Unfortunately 
there  was  no  comparable  information  available  on  the  combat  White 
control  subjects. 

The  hospital  controls  as  a group  gave  evidence  of  a strong 
drive  for  such  attributes  as  prestige,  achievement  and  dominance 
which  lead  to  respect  or  admiration  from  others.  By  contrast  the 
frostbite  group  showed  no  or.e  single  dominating  drive,  indicating 
either  their  greater  heterogeneity  in  this  respect  or  a general 
asthenia  in  the  drive  mechanism. 

When  compared  with  the  combat  controls,  the  frostbite 
group  showed  a higher  average  score  on  the  Horschach  factor 
labelled  in  this  report  as  negativism,  t'egativisa,  in  the 
general  meaning  of  the  tern,  refers  to  one’s  tendency  to  oppose 
by  thought  cr  action  any  effort  on  another’s  part  to  influence 
one’s  behavior.  Quits  obviously  such  a trait  would  seriously 
pcnall.'e  any  training  and  indoctrination  program,  for  the  stronger 
the  psychological  pressure  brought  to  bear  by  such  a program,  the 
stronger  the  opposition  that  it  would  meet.  It  was  interesting 
to  note  that  while  r.ot  significant  at  an  .acceptable  level,  the 
frostbite  group  also  scored  higher  than  the  hospital  control?  rith 
respect  to  this  factor. 

Finally,  the  frostbite  group  scored  higher  than  did  the 
combat  controls  on  the  hypochondriasis  scale  of  the  MtPJ.  This 
was  interpreted  either  as  indicating  a non-r.eurotie  concern 
with  a real  injury  (frostbite),  or  as  transcending  the  real  injury 
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and  being  a reflection  froa  some  facet  of  the  basic  personality. 

A comparison  of  the  hospital  controls  (who  had  approximately  as  much 
reason  to  be  concerned  with  real  injuries  as  did  tho  frostbite  group) 
with  the  combat  controls  showed  Tory  little  difference  between  these 
two  groups  on  the  hypochondrias  is  score  . This  would  tend  to  show 
that  the  frostbite  group’s  high  score  in  this  variable  was  more 
characteristic  of  the  personalities  of  the  group  rather  than  of  the 
injury. 

These  were  the  findings  that  wore  statistically  significant. 
Other  results,  called  suggestive  in  the  last  section,  should  not . 
bo  cornpletoly  ignored,  hut  should  be  read  into  the  picture  with 
extreme  caution  and  due  recognition  of  tho  speculative  nature  of 
cny  picturo  so  developed. 

From  tho  statistically  significant  results  obtained  in 
this  stud  y one  can  draw  ho  picturo  of  a cold  injury  personality. 

In  fact,  th.9  study,  as  it  was  planned  oivi  executed  provided  no 
basin  for  differentiating  bet’.rson  effects  on  tho  personality  as 
the  result  of  cold  injury  on  one  hand,  and  personality  traits 
predisposing  to  cold  injury,  on  the  other.  Therefore,  it 
would  appear  that  certain  traits  seem  to  characterize  the  group 
of  men  who  were  frostbitten  in  contradistinction  to  the  two 
different  controls. 

V.  RECO’C  •ROTATION'S 

Future  field  studies  of  this  nature  should  determine  the 
followings 


,**  ^ 


APPENDIX  I 


Categories  of  Information  Collected  in  Social  History  Interview 


1*  None 

2,  Medical  diagnosis  (if  subject  is  a patient) 

3*  Organization 
4*  Bank 

5*  Amy  Component 

6.  Ags 

7.  Race 

8.  Religion 

9.  HOS 

10.  Marital  status 

11.  State  of  residence 

12.  Months  of  service  prior  to  cold  injury 

13.  Tine  overseas  prior  to  cold  injury 

14.  Dc-ya  of  exposure  prior  to  injury 

15*  lrfje  of  action  at  tiata  of  exposure  (eccrJhat  or  noncccbat, 
specific  activity  recorded) 

16m  Ecuiprant  vorn  on  foot 

17.  History  of  previous  cold  injury  or  circulatory  difficulties 

15.  Dcgrco  of  r.ijustr.ent  to  military  life 
19.  Military  offenses 

29.  TJj.o  spent  ext  of  doors  in  relation  to  Job  and  hobby 

21.  Education 

22.  School  adjust-snt 

23.  Rcv.cen  for  leaving  school 

24.  Work  hisU  - 

25.  Medical  history 

26m  Position  in  fa  oily  constellation 
27.  Hors  environment 

28m  Age  of  subject  at  timo  of  separation,  divorco,  or  death  of  parent 

29.  Dcninant  personality  in  the  boss 

30.  Civilian  offenses 
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APPENDIX  II 


Fonn.Uaed  For  Recording  Psychiatric  Interview  Data 


A*  Identifying  Information 

1.  Age  2.  Rank  3*  Race  it*  Marital  status 

5.  Unit 

6.  Length  of  service  prior  to  injury 
7*  Tima  in  Korea 

8.  Method  cf  induction 

B.  Method  of  Injury 

1.  Duties  at  time 

2.  Tims  ezpojad  to  cold 
3*  Weather  conditions 
it.  Dress 

i*  Precautions 

a.  Individual 

b.  Unit  basis 

c.  Opinion  of  precautions 

6.  Evidence  of  preiiapesition  to  cold  injury 
7*  Evidence  of  rolf-infliction 
8.  Attitude  to.  •vrd  frostbite 
9*  Method  of  relating  information 

C.  Morale 


1.  Unit  morale 

2.  Irdividy.al’s  morale 

3.  Military  disciplinary  record 


i 


■7~ 


APPENDIX  II  (cont.) 


Pre-Service  Hlatorr 


A.  Family  History 

1*  Broken  home  before  16  years 
ft.  Season 

b.  Substitute  parents  . 

2.  Parental  attitudes 
a*  Mother 
b.  Father 

3*  Parental  discipline 
4»  Attitude  toward  parents 

5.  Position  in  family 

6.  Relation  with  siblings 

B.  Pre-service  Personality  and  Adjustment 

1.  General 

a.  Health 

b.  Childhood  neurotic  traits 

2.  Geographical  area 

3.  Accidental  injuries 

4.  School  adjustment 

a.  Grades  finished 
b«  Interests 

e*  Relations  with  studonta  and  teachers 

5.  Work  adjustment 

s.  Kumbar  of  Jobs 

b.  Reason  for  leaving 

6.  Civilian  court  record 
7»  Marital  adjustment 

6.  Sexual  adjustment 
9.  Bsoticnal  roactions 

a.  Disposition 

b.  Aggression 

c.  Handling  of  decisions 

d.  Reaction  to  stress 
10.  Plans  for  future 

C.  Vasomotor  Responses 

1*  Sweating 

a.  Hands 

b.  Feet 


r 


D.  Mental  Status  Examination 


1*  Manner 

2.  Speech 

3.  Emotional  responses 
k.  Additional  notes 

E.  Diacnostic  Impression 


5 
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APPENDIX  HZ 


SECTION  A.  Formulae  for  Determining  Scores  Derived  from  the  Minnesota 
Hultiphasic  Personality  Inventory 

1.  Procedure  for  Determining  Code  Type 

a)  Assign  a number  to  each  of  the  clinical  scales  as  follows: 

Hs  - 1 Pd  - A Pt  - 7 

D - 2 Hf-5  Sc  - 8 

- 3 Pa  - 6 Ha  - 9 

b)  Arrange  the  subject’s  T-scoros  on  the  nine  clinical  scales 
in  rank  order  according  to  magnitude  beginning  with  the 
highest  score*  List  thca  by  their  numerical  equivalents 
as  given  in  "a"  above* 

c)  When  this  haa  bean  dc.as,  the  first  tvo  figures  of  the  re- 
sulting srrargctsnt  of  numbers  constitute  tho  code  typo 
provided  the  T-s  cores  on  ths  scales  represented  by  these 
t>ra  figures  aro  both  54  or  tractor.  If  eithor  or  both 
of  thca  are  Isas  than  54,  tho  subject  has  no  code  typo. 

2.  The  Formula  for  Welsh’s  Anxiety  Index  is: 


♦ (D  ♦ Pt)  - (Hs  ♦ Ifr) 

in  which  the  designations  for  the  various  scales  represent 
tlio  T-scorec  of  tho  subject  on  tho  respective  scales* 

3*  Tho  Formula  for  Welsh’s  Internalisation  Ratio  is: 

Hs  ♦ P ♦ Pt 
liy  ♦ Pa  + Ha 

in  which  the  designations  for  the  various  scales  represent 
the  T-scores  of  the  subject  on  the  respective  scales. 
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APPEl.'DIX  in  (cont.) 


c 


/ 
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SECT10K  B.  Sentence  Completion  Scoring  Guide  (Lumbers  in  parenthesis 
are  the  numbers  of  the  sentences  in  the  test  which  are 
used  for  measuring  the  characteristic  nacied). 

I 

. ’ DRIVES 

(2,  7,  17,  29,  37,  52,  Ik,  83) 

a.  Oaission 

b.  Unclear 

c.  Passive  dependence  - - - being  supported  by  another 

d.  Love  affiliation  ' - to  be  with  or  be  loved  by  another, 

or  to  bo  socially  accepted;  not  involving 
sex  or  sex  object 

e.  Prestige,  achievement, 

Joninance  - - performance  or  position  leading  to 

respect  or  admiration  from  others 
or  acceptance  of  oneTs  authority 
by  others 

f.  Health - for  health  or  physical  well  being 

g.  Escape  ---------  conscious  or  unconscious  flight 

frej  environment  or  situations 
(not  persons) 

h.  Independence  ------  freedom  of  control  or  support  by  others 

i.  Economic  - --  --  --  - uealth,  rnor.sy,  income 

j.  Sex  sexual  contact  or  gratification,  or 

affiliation  with  love  object 

II 


INTERPERSONAL  FIGURES 


Attitude  toward  fathers 
Altitude  toward  mother: 
Attitude  toward  people; 
Attitude  toward  authority: 


( 9,  16,  33,  70,  88) 
(20,  35  , 60,  76,  %) 
(15,  38,  k 9,  66,  S,) 
(23,  36,  73,  77,  Vl) 


a.  Omission 

b.  Unclear 

c.  Rejection,  hostility  - - active  or  passive 

d.  Acceptance,  co.-.rpliance  - - love,  dependency,  security 

e.  Anxiety,  fear,  insecurity 


I 
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APPENDIX  in  (eoitfc.) 


0 I 


DEPRESSION  - AN3QETT 


Causes  of  depression: 
Causes  of  anxiety: 


Cl 2,  45,  64,  97,  100) 
( 6,  47,  56,  79,  87) 


a.  Ocission 

b.  Unclear 

c.  Failure  or  lack  of  achievement 

d.  Los3  of  love  or  rejection  by  love  objects, 

including  sex 

e.  Social  disapproval 

f.  Health including  p 


Less  of  independence 
per  anxiety  scale  - - 


i,  7or  depression  scale 


including  physical  injury,  hospi- 
talization or  sickness.  (For 
anxiety  scale,  code  under  "h" 
if  an  object  is  mentioned  and  the 
injury  is  not  eantioneJ;  code 
here  if  specific  injurv  or 
sickness  is  nantioned.J 

physical  objects,  real  or  imaginary; 
phjuical  states  (outside  the  tody, 
such  as  darkness).  Anything  tcuard 
vhich  a phobia  could  be  dcvalep-cd. 
guilt,  whan  none  of  the  above 


SOURCE  OF  GUILT 

(4,  24,  43  , 5-4,  69) 


a.  (Mission 

b.  Unclear 

c.  Authority  figures 

d.  Others 

e.  Self 


REACTION  TO  AGGRESSION 
(22,  42,  51,  72,  SO) 


a.  Ociseion 

b.  Unclear 


“»«*-*  V * '«.*•* 
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APPENDIX  in  (cont.) 


c.  Acceptance 
d*  Counterattack 
a.  Escape 

f.  Passive  emotional  reaction  - 

VI 


- prying,  feeling  of  rejection 


REACTION  TO  FAILURE 
(3,  25,  41,  W,  63) 


Omission 
Uncloar 
Acceptance  - 

Agression  or  hostility  - - - - - 

Ri -striving  

Ragativo  rood  change  not 

includ-.i  in  the  above  - 


without  rs-striving  or  notice' 

able  mod  change 

with  or  without  re-striving 

of  mod  change 

without  aggression 

including  guilt,  anxiety, 
doprossion,  etc# 


v> 
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History  of  Serious  Illnesses 
History  of  Number  of  Accidents 

Attitude  Toward  Illness  and/or  Accidents  Other  Than  Cold  Injury 

Reaction  to  Cold  Injury 

Evidence  of  Predisposition  to  Cold  Injury 

Evidence  of  Self-Inflicted  Cold  Injury 

Reaction  to  Stress 

Attitude  Toward  Induction 

Attitude  Toward  Assignment  in  Korea 

Compliance  With  Cold  Woathor  Training 

Ho ms  Background 

Ispulaivity 

Dependency 

Long  R.'j’ga  Pattern  of  Somatic  Preoccupation 

Attitude  Toward  Father 

Attitude  Toward  Mother 

Attitude  Toward  Siblings 

Attitudo  To'-ord  Authority 

Personality  Adjustment 

Diagnostic  Category;  Ajoy  Classification  Ccdeftivber 
Hostility  , 

Kean  Servos  on  ths  VAchsler-PsIlevvo  Intelligence  Scale  - rora  I 
V’.'Uojl'or-Eollow.-j  Test;  Verbal  Scale  Minus  r.-rfo.-ranco  Scale 
Strongest  Drive  of  Subject;  Sentence  Completion  Tc3t 
Reaction  to  Father;  ScnW.co  Cc  plotion  Test 
Reaction  to  Mother;  Sentence  Completion  Te3t 
Reaction  to  People;  Sentence  Completion  Test 
Reaction  to  Authority;  S v.honco  Completion  Test 
Dominant  Reaction  to  Mother,  Fatlvr,  People  ard  Authority; 
Senter.cs  Completion  Test 

Factor  or  Situation  Which  Causes  the  Subject  to  be  Depressed; 
Sentence  Completion  Test 

Factor  or  Situation  Which  Causes  the  Subject  to  Experience 
Anxiety 

Category  of  Individual  Harmed  or  Displeased  by  the  Subject  When 
Guilt  Feelings  are  Aroused  in  the  Subject;  Sentence  Completion 
Test 

Reaction  of  the  Subject  in  Response  to  Acte  of  Aggression  Hade 
."gair-’t  Kim;  Sentence  Completion  Test 
Reaction  of  Subject  When  He  Fails;  Sentence  Cerplstion  Test 
K-Tl  Scale  on  Which  the  Subject  H-de  His  Highest  T-score; 

Minnesota  Multiphnaic  Porsssility  Inventory 
Mean  T-scores:  I C RM  Clinical  Scales  ard  Derived  Scales; 

Minnesota  Multiphasic  Personality  Inventory 


TABLE  OP  CONTENTS  (Cont.) 


Code  Type;  Minnesota  Multlphaeic  Personality  Inventory 
Subject’s  Highest  KHPI  T-score  Above  70  (abnormal); 

Minnesota  Kultiphasic  Personality  Inventory 
Kean  Rorschach  Scores,  Primary  and  Derived 
Kean  Achromatic  Minus  Kean  Chromatic  Reaction  Time  on  the 
Rorschach  Test 

Dependency;  Thematic  Apperception  Test 
Impul3ivity;  Thematic  Apperception  Test 
Hostility;  Thematic  Apperception  Test 
Education  - Years  of  Schooling  Completed 
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TABLE  I 

HISTORY  OF  SERIOUS  ILLNESSES  (interview- Initial-Measure) 
Number  of  cases  in  Group  IN,  1,  and  2 falling 
in  each  category  listed  below 


Group 

IN 

Study 

Ne^ro 

1 

Study 

White 

2 

Hosp. 

White 

Total  No.  Cases 

25 

26 

20 

No  data 

0 

1 

1 

Illness  of  1-3  months 

6 

5 

2 

Illness  of  4-6  " 

1 

0 

1 

Illness  of  6-12  " 

0 

2 

2 

Illness  over  12  " 

0 

2 

0 

Ho  Illness  ! 

18 

16 

n 

TABLE  2 


HISTORY  OF  NUMBER  OF  ACCIDENTS  (lntervie*-Initial-Keasure) 
Hunber  of  cases  in  Group  IN,  1,  end  2 falling 
. in  each  category  listed  below 


IN 

1 

2 1 

Study 

Study 

Hosp. 

N’O'O 

White 

VMte 

Total  No.  Cases 

25 

26 

20 

No  data 

0 

1 

0 

Ono  accident 

8 

5 

4 

Two  accidents 

3 

10 

2 

Three  accidents 

2 

1 

2 

Four  accidents 

1 

2 

1 

Five  accidents 

0 

0 

0 

Six  or  more  accidents 

0 

1 

1 

No  accidents 

11 

6 

10 

• *.»*•*•  ‘Jt** 


TABLE  5 


( 


1 


I 


B 


C 


EVIDENCE  OF. PREDISPOSITION  TO  COLD  INJUP.T  (Interview-Initial-Measure) 
Number  of  case3  in  Group  IN,  1,  and  2 falling 
in  each  category  listed  below 


Group 

IN 

Study 

Nerro 

1 

Study 

White 

2 

Ho3p. 

White 

Total  Ho.  Cases 

25 

26 

20 

il o data  ~ 

1 

0 

0 

iior.o 

iy ' 

2k 

id 

Previous  cold  injury  one  or 
more  times 

6 

2 

2 

TABLE  6 


’ EVIDENCE  OF  SELF-INFLICTED  COLD  INJURY  (Interview-Initial-Measure) 
Number  of  cases  in  Group  IN,  1,  and  2 falling 
in  each  category  listed  below 


i 

j 

i 
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V.'LV.N 


/ 


716 


TABLE  9 


ATTITUDE  TOWARD  ASSIGHEJJT  TO  KC!tEA  (Interview-Initial-Meaaure) 
Number  of  cases  in  Group  IN,  1,  and  2 falling 
in  each  category  listed  below 


IN 

1 

2 

Group 

Study 

Study 

H03p. 

Nerro 

White 

White 

Total  No* 
No  data 
Good  now, 
C-ood  now. 
Fair  now. 
Fair  now. 
Poor  r.ow. 
Poor  now. 


initial 

initial 

initial 

initial 

initial 

initial 


acceptance 

rejection 

acceptance 

rejection 

acceptance 

rejection 


TAELS  10 


COMPLIANCE  WITH  COLD  HEATHER  TRAINING  ( Intend  ew-Initial-Measure) 
Number  of  ca3es  in  Croup  IN,  1,  and  2 falling 
in  each  category  listed  below 


Group 


Total  No.  Cases  


No  data 


Reasonable  precautionary 

reasures  


Failure  to  follow  instruc- 
tions duo  to  lack  of  equip- 
ment or  t.ho  liVo 


Failure  to  follow  instruc- 
tions even  though  equip- 
ment available  and  nothing 
hindered  


TABLE  11 


HOKE  BACKGROUND  (interview- Initial-Measure) 
Number  of  cases  in  Group  lit,  1,  and  2 falling 
la  each  category  Hated  below 


Group 


IN 

Study 

Hoero 


1 

Study 

Vhite 


Total  No.  Cares 


ata 


I® 


Parents  espr.ratcd  after  aui>- 
lect  16  years  of  or* 


TABLE  12 


BJPULSI73TT  (Clinlccl-Ev'cluatlon-Inltlel-t'eacure) 
Nunber  of  cases  In  Grcv.p  111,  1,  and  2-  falling 
In  each  category  listed  below 


Group 


2 

Hoep. 


Total  No.  Coses 
No  data 

IlarJcndly  noni^pulsive 
Average  icpulsivity 
Fairly  strongly  impulsive 
Kirfc.’dly  inuleive 


o 


TABLE  13 

DSPTCJiratCY  ( Clinical-Evaluation- Initial-Measure) 
Number  of  cases  in  Group  IN,  1,  and  2 falling 
in  each  category  listed  below 


Group 

IN 

Study 

_He’ro 

1 

Study 

Vhite 

2 

Hosp. 

Wiiie 

Total  No.  Casob 

25 

26 

20 

No  data 

0 

0 

0 

Markedly  dependent 

12 

6 

9 

Average  dipsr.lent-indcpendcnt 

13 

18 

10 

Hsrkrr!!*/  itu'enordent 

0 

2 

1 

TAELS  14 


long  s/::c3  p/.rzra  c?  sc:gvtic  preoccupation 
(Clin.lc?i-B-«  aluntion-Iditial-Moaoure) 
K'.*jbcr  of  c.ujS  in  C.-oup  111,  1,  and  2 falling 
in  each  cat egory  listed  fcclov 


Group 

IN 

Sti  -Jy 
f>  TO 

1 

Stu-Jy 

l.Mta 

2 

Hosn. 

Piute 

Total  No.  Cases 

25 

26 

20 

No  data 

0 

0 

0 

Absent 

19 

21 

16 

To  raild  degree 

4 

3 

2 

To  i*  ir!ced  de-rree 

2 

2 

2 

, t 

TABUS  15 


ATTITUE2  TOWARD  FATHER  (Cllnlcal-Evaluation-Initial-Xsasure) 
Nui\b«r  of  eases  in  Group  IN,  1,  and  2 falling 
in  each  category  listed  below 


•Group 

IN 

Study 

Hews 

1 

Study 

Vhita 

2 

Hosp. 

VMte 

7otJ>l  f'o.  C<*.sos 

25 

26 

20 

?!»  Orta 

0 

0 

0 

Dual  car 

1 

1 

1 

Rejection  hostility  {active  or 
crr.nive) 

H 

5 

h 

Ac  cor.tr  mco 

• 10 

?o  _ 

15 

Arjdr.tv 

0 

0 

0 

l 


TAHL3  16 


ATTITUDE  T Cr7I?D  HOT ICut  (ClirJLctl-n\aluation-Initicl-J!ees«re) 
Huabsr  of  cans  in  Gjoi-p  IN,  1,  end  2 falling 
in  each  category  litiei  below 


Group 

in 

Study 
r— o 

1 

Study 

r-iite ... 

2 

Hoeo. 

VMte 

?ot»l  Vo.  Cases 

25 

26 

20 

To  M 

0 

0 

0 

3 . _ 

0 

6 

Raj'ccti  h hostility  (active  or 

DT.cIve) 

9 . 

7 

7 

Aceeot-rsca 

13 

19 

13 

fodaSx 

0 

0 

0 

>•  * 
'w*  .* 
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ATTITUDE  TOWARD  AimiOROT  (Clinical-Svaluation-Initial-Heaaure) 
Number  of  cases  in  Group  IN,  1,  and  2 falling 
in  each  category  listed  below 


TABLE  19 


PEHSONALITT  ADJUSTMENT  (Clinical-Bvaluatlon-Initiil-Meiaure) 
Number  of  eases  in  Group  IN,  1,  and  2 falling 
in  each  category  listed  below 


Group 

IN 

Study 

_Ne?roi 

1 

Study 
. White  .. 

2 

Hosp. 

White 

Total  No.  Cases 

25 

26 

20 

No  data 

0 

0 

0 

Normal 

5 

13 

8 

Neurotic  personality 

3 . 

2 

7 

Suggested  neurosis  within  the  nor- 
rial  ranee  of  adjustment 

2 

1 

1 

Overt  neurosis 

3 

0 

2 

Pathological  personality 

3 

1 

1 

Latent  or  overt  psychosis 

1 

1 

0 

Psychiatric  disorder  of  an  organic 
reaction  type 

0 

2 

0 

Irraturitv  reaction 

8 

6 

1 

TABUS  20 

DIAG?:0ST1C  CATEGORY;  AEHT  CLASSIFICATION  CODE  NUMBS* 
( Clinical-Evaluation- Initial-Mea sure ) 

Number  of  cases  in  Croup  IN,  1,  and  2 falling 
in  each  category  listed  below 


Group 

Army 
Code 
. No_. 

IN 

Study 

Ne.ero 

1 

Study 

White 

2 

Ho  so. 
White 

Total  Mo.  Cases 

_25 

26 

20 

Normal 

OCCO 

10 

16 

16 

Schizoohrenic  reaction  simple  type 

3000 

0 

1 

0 

Schizophrenic  reaction  latent 

-2992- 

1 

0 

0 

Anxiety  reaction 

3100 

1 

0 

1 

Neurotic  deoressive  reaction 

3140 

2 

0 

X 

Schizoid  personality 

3200 

3 

1 

1 

Zu.oticr.al  instability  reaction 

3210 

1 

2 

0 

Passive  c'ro'T.dency  reaction 

3211 

4 

1 

1 

Passive  as^rossive  reaction 

3212 

3 

3 

0 

Mental  disorder  with  structural 
change  in  brain 

3041 

0 

2 

0 

TABLE  21 


HOSTILITY  (Clinical-Evaluation- Initial-Measure) 
Number  of  cases  in  Croup  IN,  1,  and  2 falling 
in  each  category  listed  below 


Croup 

IB 

Study 

Kecro 

l 

Study 

White 

2 

Hosp. 

White 

Total  No.  Cases 

25 

26 

20 

No  data 

1 

0 

0 

Normal 

5 

4 

7 

Strong  toward  others 

10 

17 

6 

Strong  toward  self 

2 

3 

3 

Strong  toward  others  and  self 

2 

2 

4 

TABLE  22 

MEAN  SCORES  ON  THE  WEaiSLSR-EPXLVUE  INTELLIGENCE  SCALE  - FORM  I 
(Test-Initial-Keasure) 


Group 

IN 

l'tud7 

Negro 

1 

Study 

I’Jhite 

2 

Hosp. 

White 

3 

Comb. 

White 

Full  scale  IQ  (baaed  on  11  sub  tests) 

81.56 

96.50 

97.60 

97-94 

Verbal  scale  IQ  (based  on  6 sub  tests) 

82.72 

92.38 

94.80 

96.10 

Performance  scale  IQ 

83.16 

93.12 

101.00 

100.55 

Full  scale  weighted  score 

72.2 

92.1 

94.8 

95.4 

Verbal  weighted  score 

33.2 

43.4 

43.1 

44.2 

Performance  weighted  score 

39-0 

48.7 

51.8 

51.3 

Information  weighted  score 

6.7 

9-0 

9.5 

8.9 

Comprehension  weighted  score 

7.4 

10.4 

9.6 

10.2 

Digit  span  weighted  score 

6.U 

6.5 

7.6 

7.8 

Arithmetic  weighted  score 

6.1 

8.5 

8.1 

6.6 

Similarities  weighted  score 

6.5 

9.0 

8.5 

9-0 

Vocabulary  weighted  score 

5.8 

8.1 

8.4 

7.7 

Picture  arrangement  weighted  score 

7.4 

10.0 

9.3 

10.4 

Picture  comprehension  weighted  score 

8.3 

9.6 

10.6 

9-9 

Block  design  weighted  score 

6.8 

9.2 

11.3 

10.9 

Object  assembly  weighted  score 

9.8 

10.4 

11.2 

11.3 

Digit  symbol  weighted  score 

6.6 

9.3 

9-4 

8.8 

723 


J 


TABLE  23 

WECHSLER- BELLEVUE  TEST  VERBAL  SCALE  MINUS  PERFORMANCE  SCALE 
(Test- Initial-Measure) 

Number  of  cases  in  Croups  IN,  1,  2,  and  3 falling 
in  each  category  listed  below 


Group 

IN 

Study 

Negro 

1 

Study 

White 

2 

Hosp. 

White 

3 

C-cmb. 
White  ' 

Total  No.  Cases 

25 

26 

20 

51 

No  data 

0 

0 

0 

0 

36  or  more 

0 

0 

0 

0 

26  to  35 

0 

2 

' 1 

0 

16  to  25 

2 

1 

0 

3 

6 to  15 

7 

6 

8 

5 to  -5 

8 

5 

15 

-6  to  -15 

5 

6 

14 

-16  to  -25 

3 

3 

8 

-26  to  -35 

0 

3 

2 

0 

0 

m 

1 

ft 


TABLE  24 

STRONGEST  DRIVE  OF  SUBJECT*,  SENTENCE  COMPLETION  TEST 
(Test-Initial-Measure) 

Number  of  cases  in  Groups  IN,  1,  2,  and  3 falling 
in  each  category  listed  below 


Group 

2 

Hosp. 

White 

3 

Comb. 

White 

Total  Mo.  Cases 

25 

26 

20 

51 

Omitted 

0 

0 

0 

0 

Unclear 

9 

10 

6 

16 

Passive  deoendence 

2 

2 

0 

0 

Love  affiliation 

3 

5 

3 

10 

Prestige 

4 

6 

10 

8 

Health 

0 

0 

0 

0 

Escape 

5 

3 

1 

13 

Independence 

0 

1 

0 

2 

Economic 

0 

0 

0 

1 

Sex 

2 

1 

2 

2 

*If  the  subject  e:chibited  two  drives,  both  of  which  were 
"strongest™  ari  of  equal  strength  both  vers  tabulated.  As 
a result  the  sum  of  the  frequencies  for  the  several  drives 
is  greater  than  the  number  of  individuals. 


ft 
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TABLE  26 


REACTION  TO  MOTHER,  SENTENCE  COMPLETION  TEST 
(Testrlnitial-Measure) 

Number  of  cases  in  Groups  1H-,  1,  2 and  3 falling 
in  each  category  listed  below 


D 


Group 


Total  No.  Cases 

Omitted 

Unclear 

Rejection 

Acceptance 

Anxiety 


IN 

Study 
N e»ro 

1 

Study 

Vhite 

2 

Kosp. 

Vhite 

25 

26 

20 

0 

0 

1 

a 

U 

5 

0 

0 

0 

17 

22 

u 

0 

0 

0 

3 

Comb. 

Wilte 


51 
0 
5 
1 
I*  5 
0 


D 

725 


TABUS  27 


REACTION  TO  PEOPLE,  SENTENCE  COMPLETION  TEST 
(Test- Initial-Measure) 

Number  of  eases  in  Groups  IN,  1,  2 and  3 falling 
in  each  category  listed  below 


Group 


1 

Study 

White 


Total  No.  Cases 
Quitted 
Unclear 
Rejection 
Acceptance 
Anxiet 


TABLE'S 


REACTION  TO  AUTHORITY,  SENTENCE  COMPLETION  TEST 
(Te st-Init ial-Measure ) 

Number  of  cases  in  Groups  IN,  1,  2 and  3 falling 
in  each  category  listed  below 


IN 

1 

2 

3 

Group 

Study 

Study 

Kosp. 

Comb. 

Nptq 

White 

White 

White 

Total  No.  Cased 
Qaitted 
Unclear 
Rejection 
Acceptance 
Anxiet 


TABLE  29 


DOMINANT  ENACTION  TO  FATHER,  MOTHER,  PEOPLE  AND  AUTHORITT 
SENTHICZ  COMPLETION  TEST  (Test-Inltlal-Measure) 
Number  of  cases  in  Croups  IN,  1,  2 and  3 falling 
in  each  category  listed  below 


Total  No.  Cases 
Cbitted 
Unclear 
Rejection 
Acceptance 
Anxiet 


TABLE  30 


FACTOR  OR  SITUATION  WHICH  CAUSES  THE  SUBJECT  TO  BE  DEPRESSED 
SENTENCE  COMPLETION  TEST  (Test-Initial-Measure) 

Nuaber  of  cases  in  Groups  IN,  1,  2 and  3 falling 
in  each  category  listed  below 


A 

3 

Hosp. 

Cccib. 

White 

White 

Total  No.  Cases 

Quitted 

Unclear 

Failure 

Loss  of  lore 

Social  disapproval 

Health 

Loss  of  independence 
Guilt  feelines 


TABLE  33 


REACTION  OP  THE  SUBJECT  El  RESPONSE  TO  ACTS  OP  AGGRESSION  MADE  AGAINST  HIM 
SZITENCE  CCXPLUriC.l  TEST  (Test-InitiaMfoasure) 

Nvuber  of  cases  in  Groups  EJ,  1,  2 and  3 falling 
in  each  category  listed  below 


Group 

IN 

Study 

1 

Study 
Vnito  _ 

2 

Hosp. 

piite 

3 

Ccsab. 

_.VMta  _ 

Total  Ho.  Cases 

25 

26 

20 

51 

Cuitted 

0 

0 

0 

0 

Cseloor 

11 

15 

5 

26 

Accootrnce 

2 

3 

6 

10 

Cc"nterattack 

0 

2 

2 

0 

ILscaco 

2 

1 

0 

1 

LPr'.sr-:*.vo  er-otl/;na\  r^-cticn 

10 

5 

2— 

1A 

TABLE  34 


isacria  o?  S32J1.7?  v~i  vz  rma,  rzk&a  cystmoa  test 

(Tcst-fciti«l-;:.’  .vitro) 

Ki-  bor  of  c.1503  in  Groups  17,  1,  2 tr.d  3 falling 
In  e.'.ch  C'tcgor7  listed  fcoiou 


Group 

El 

Study 

!!*•: — J 

1 

Study 
_T~-.it  s_ 

2 

Koap. 
ivt»  _ 

3 

Ccnb. 

^ Mte. 

51 

7V-.il  r'o.  On  a 

25 

26 

20 

r Wt.'-'i 

0 

0 

Q J 

0 

U-  -1  -r 

15  . 

n 

9 

23 

Ac c ' f > :: nc  c,  v it*: »cu t r c striving 
c r ~ r r ■ 1 r.Vr'-4 

10 

10 

7 J 

13 

A»l.- or  xtiaity,  vithout 

0 


TABUS  35 

JMPI  SCA12  ON  WHICH  THE  SUBJE  ? HADE  HIS  HIGHEST  T-SCCRS*  ’ 
MINNESOTA  HUL7IPKASIC  PERSONAL  ITT  ..iVETfORT  (Test-Initial-Heaeure) 
Number  of  eases  in  Groups  IN,  1,  2 and  3 falling 
in  each  category  listed  belov 


Group 


Total  No.  Cases 
Tsst  invalid 
Hypochondriasis  (Hs) 
Depression  (D) 

Hysteria  (Ky) 

Psychopathic  deviate  (Pd) 
Interest  (.’if) 

Paranoia  (?a) 
PoyAtcth'.nin  (Pt) 


IN 

Study 
Rerro_ 

25 

10 

5 


•If  tho  sruhjeit  To  an  equally  high  scorn  on  the  tvo  oc.nl  os  in  *hich 
to  vac  hi. r.L,  both  are  listed  as  highest ;•  hcr.ce  the  Better  of 
‘•‘highest  exist”  listed  is  greater  than  tfta  tenter  of  individuals* 
T-scwe  value 3 vers  obtained  by  refewnco  to  tho  Ki?X  rcnuol. 

TABLE  36 

©a  T-.Tr:*::'>  r-Ti  cubical  scira  a::d  craves  scjoe3' 

UU.C-TOi’A  i:t.yf3K-:tf.tC  L:n:iKI  EBriKOr  (Tevt-lnitiel-skasure) 

IN',  ter  of  c-i:;os  ii.  Gs*oups  HI,  1,  2 and  3 falling 
in  each  category  listed  bolov 


Croup 


Total  No. 
Hppochor.dr 
Depression 
Hysteria  e 
F:.p'chcp-a*v 
rasrulin 
r<-rr-.s5 1 

p— 


n »»o 

25 

60.6 

55.0 

55.7 
53.6 

57.2 

69.3 

57.8 

53.4 

53.3 

54.3 

101.6 


r-rscres  obtained  cy  reference  to  tho  canual.  except  scores  on 
fc'elsh  .'r.xiety  Ir.i»x  and  Uelsh  Internalization  Ratio  khieh  are  rav 


TABLE  37 

CODE  TYPE,  MINNESOTA  MULTIPHASIC  PERSONALITY  INVENTORY 
(Test- Initial-Measure) 


Group 


12  3 

Study  Hosp.  Comb. 

White  White  White 


Total  No.  Cases 
None  of  the  following 
Type  12  or  21 
Type  23  or  32 
Type  27  or  72 
Tyi®  23  or  82 
Typo  31  or  13 
typo  46  or  64 
Type  £3  or  86 
Type  73  or  67 
Typa  49  or  94 
Type  13  or  81 
Typo  43  or  34 
Typa  $1  or  19 
Type  39  or  93 
Type  79  or  97 
Type  69  or  93 
Type  14  or  41 
Type  34  cr  1.2 
T- 34  o * 


TABLE  33 


SUD:.:CT*»  HIGHEST  JIMPI  T-SCC~J5  ABOVE  7C*  (abnormal) 
H3.~rv.13PA  l.LLTjl  H.'SIC  P2?X':.«1STY  JLTCtTCST  (Test-Iaitial-IIeasure) 


Group 


IN  I 1 2 3 

Study  I Study  Hosp.  Co.ib. 

V“iite  White  White 


Total  No.  Cases 
Test  invalid 
Hypochondriasis  (Hs) 
Depression  (D) 

Hysteria  (Hy) 

Psychopathic  deviate  (Pd) 
Ir.'t  root  (Ilf) 

Paranoia  (Pa) 

Psych’ sthenia  (Pt) 
Schizophrenia  (Sc) 

V.Y't ~ ani a Q*n) 


rip-.1 ■—..U ......  — 

the  subject  j.vle  an  equally  high  score  on  the  two  scales  in 
which  ho  was  highest,  both  are  listed;  no  scores  below  70  listed 


TABUS  39  • 


HEAI  RORSCHACH  SCORES,  PRIHAHT  AND  DERIVED 

Chav  scores  unless  otherwise'  indicated*) 

RORSCHACH  TEST  (Test- Initial-Measure) 
Number  o f cases  in  Croups  IN,  1,  2 and  3 falling 
in  each  category  Listed  below 


Croup 

IN 

Study 

Mr  to 

f 

f35? 

* 

2 

Hasp. 

tMte 

AU.klJlK*. 

20 

3 

Ccrab. 

Vhito 

Total  No.  Cases 

25 

51  _ 

U 

6.8 

6.0 

_JL-3 

7.9 _ 

D 

n.rf 

32.0 

112.5 

15.8 

d 

“sH 

1.3 

-§_J 

0 

):i 

3.2 

3.9 

L-2.«L- 

2.1 

S 

_\._5 

1.2 

1.1 

Ji  - - 1 

1.5 

gSu 

1.3  ... 

Id 

1.5  " 

2.2 

2.1 

3-0  

r'v\  Fa 

•4 

. .3 

•2 

.2 

K*  W 

.2_ 

.2 

.1 

.1 

bX 

1-9 

• 5 

.5 

-5 

r 

J2.1 

13.6 

1 1.3 

15-3 

Fc 

3.2 

1.5 

. _ . 

.2 

c.  r,F 

.1 

.1 

.5 

1.2 

r.K  r>F.  FC* 

1.2 

.5 

.6 

}» 

Ii;;C 

1.5 

.7 

- *9 _ 

w 

> 

1.2 

1.2 

c 

— o'* 

.1 

0 

p 

1.7 

»I 

20 

l 2.0 

3.9 

1.9 

hi ...  . 

~T.6~ 

. 2.1 

__13._ 

1.7 

A 

6.9 

{•:,* 

fi 

1.6 

2.9 

3.2  _ 

it 

~iT;r 

i.cfl 

_5_.5_ 

\?.z 

Ft 

10.  A 

13  .7 

30.7 

kP.  ?k  _ ....... 

•„3 

0 

.2 

♦5 

?.  f : o.  of  rcs-or  <%■*•» ) 

19.0 

23.3 

21.9 

23.1 

Factor  I* A Ncrativicn  (S,  n,  FC) 
T-eeore 

56.8 

55.Q  . 

7-9  5 

79.5  „ 

Factor  II*  Freedom  froa  Inhibitory 
Control  (K,  C,  ce  F)  T-snnra 

A3. 9 

79.7 

52.0 

50.4 

Factor  III’B  Impulsiveness  i*(,  K, 
C,  C7.  e)  T-ccore 

?7.2 

52.0 

_J£tl- 

79.7 

Factor  li/’C  C:  puioivenoss  (D,  d, 
M.  3,  F)  T- score 

7>6.2 

49.9 

7-3.9 

50.2 

Factor  i)  Ir.t.r";*ativ.j  Ability  (D, 
ff.  !'?.  C».  FC)  T-eccre 

/3.A 

A3. 0 

76.3 

50.9 

f.  s -C  r-.cro 

"^21.2 

1A.2 

16.6 

Kol  of  re.- car -Jive  ronconsns 

1.13 

.9 

.9 

.3 

*T-score  scale  baaed  on  the  distribution  of  3Cores  in  the  combat  con- 
trol group  (Group  3) 


0 


732 
. •*.  * 


TABLE  40 

MEAN  ACHROMATIC  HUIUS  1EAK  CHROMATIC  REACTION  TIKE  OK  THE  RORSCHACH  TEST 

(Test-Initial -Measure) 

jhimber  of  cases  in  Group  IK,  1,  2 and  3 falling 
in  each  category  listed  below 


1 

2 

3 

Study 

Hosp. 

Comb. 

Wh5  te 

White 

White 

TABLE  41 

DEPEI.UaNCT,  THEMATIC  APPE.iCEPTTO:;  TEST 
(Test-Irdtial-Keasure) 

Kuaiber  of  cases  in  Groups  L\’,  1,  2 and  3 falling 
in  each  category  listed  below 


Total  No.  Cases 
Kb  indication  of  dependency 
Markedly  dependent 
Average  dependency 
itarkedly  independent 


TABLE  42 


JKPULSIVTrr,  THEMATIC  APPERCEPTION  TEST 
(Test-Initial-Heasure) 

Nvsnber  of  eases  In  Groups  IN,  1,  2 and  3 falling 
in  each  category  listed  below 


Group 

IN 

Study 

_f_He~rp_ 

i 

Study 

l.'hite 

2 

Hosp. 

Vhlte 

3 

Comb. 

Khito 

Total  No.  Cases 

25 

26 

20 

51 

Ho  indication  of  irnpulslvity 

2 

0 

0 

0 

Markedly  noni-pulslve 

0 

0 

0 

1 

Average  inpulsivity 

17 

18 

16 

43 

Markedly  inoulsive 

6 

ft 

4 

1— 
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HOSTJUTT,  TKGIATIC  AFPT?.CSP?IOI  TEST 
(Tcsi-Initial-’feasure) 

Nusibor  of  casos  in  Croups  IN,  1,  2 end  3 falling 
in  each  category  listed  below 


Group 

IN 

Study 

H«rro 

1 

Study 

r-'.ito 

2 

Bosp. 

T'MtO 

3 

Ccnb. 

Vhite 

Total  Ho.  Ca3«*3 

. 25 

26 

20 

51 

i’s  indication  of  hostility 

1 

1 

0 

0 

Tor.  -J.  rrr  'o  of  hostility 

. 15 

8 

9 

21 

btrong  hostility  towards  others, 
r.ot  towards  r*lf 

7 

. 15  _ 

9 

25 

Strong  hostility  towards  self, 
rot  to  ur’s  others 

0 

0 

0 

2 

Strong  hostility  towards  self 
and  others 

2 

2 

2 

_2 

TABLE  i*4  1 . 

EDUCATION  - mns  CF  SCHOOLING  CC-TLETED 

(Interviev-Initial-Keasure)  ;/ 

Humber  of  cases  in  Groups  IN,  1,  2 and  3 falling 
in  each  category  listed  below 

r .. 


IN 

1 

2 

3 • 

Grouo 

Study 

Study 

Hosp. 

Comb. 

J_Wto 

L.nitte, 

VMte 

- — - ■ 

~1'  ~ 

Total  No.  Cases 
0-4  years 
5-6  years 
7-5  years 
9-10  years 
11-12  years 

25 

0 

1 

6 

10 

7 

26 

0 

2 

5 

8 

10 

20 

0 

1 

3 

6 

9 

51 

0 

3 

11 

11 

19 

7 • 

1-2  years  college 
3-4  years  college 
1 or  T.ore  vears  prnduate  vork 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 
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A BACTERIOLOGICAL,  HTCOLOGICAL  AND  PATHOLOGICAL 
EVALUATION  OF  FROSTBITE  INJURIES 

I.  INTRODUCTION 

A study  of  tho  bacteriology  and  pathology  of  frostbite  was  con- 
ducted at  the  Osaka  Array  Hospital,  Osaka,  Japan,  during  the  winter 
1915-52.  In  spite  of  the  fact  that  clinical  nanageaont  of  frostbite 
patients  Included  Intensive  antibiotic  therapy  end  local  entisepoia 
it  was  of  interest  to  detomine  ths  bacteriological  status  of  their 
wounds.  The  bacteriological  and  sycolcgical  study  consisted  of  296 
cultures  of  rate  rial  fren  lesions  of  104  soldiers  hospitalised  with 
frostbite  wounds.  Tho  ccuree  of  191  bacterial  and  105  ftagol  cultures 
ia  presented  in  Tables  1 and  2. 

TAPIS  1 

DISTRIBUTION  OF  191  T'.CTZlT'L  CULTUSSS  IKH 

230  Li  :-ic::s  in  a casts  o?  rsj'.sm'Zi  ac- 

CCRDUIJ  TO  DE'iRZi  L3  SITE  0?  INJUR! 


Degree  of 
Frostbite 

Mcjfcsr  of 

Nur-ber  of 
-JcCTiSJOS 

Nrnber  of  Cultures 
Or-  ’tinted 

Lr-r^v 

USrrJL- 

LJV£uL_ 

First 

MM 

_ 

_ 

MM 

Second 

29 

1*2 

24 

26 

50 

Third 

35 

50 

16 

56 

72 

Fourth 

24 

33 

11 

58 

69 

Total 

83 

130 

51 

UO 

191 

II.  RESULTS 

A.  Bacteriology  and  Ideology 

Of  the  191  cultures  for  bacteria,  97  •'■ere  negative  and 


1 1 


A 

■ 1 - 

t 

i , 


TABLE  2 

DISTRIBUTION  OP  106  FUNGAL  CULTURES  FBCH 
104  LESIONS  IN  102  CASES  OF  FROSTBITE 
ACOCRDIia  TO  DEGREE  AND  SITE  OP  INJUHT 


Number  of  Cultures 


Degree  of 

Ilrcber  of 

Number  of 

Cmoleied 

Frostbite 

Patients  r 

Lesions 

Rends 

Fest 

Esr 

Total 

First 

2 

2 

2 

- 

2 i 

Second 

33 

39 

15 

25 

1 

a 

Third 

37 

37 

6 

31 

— 

37 

Fourth 

25 

26 

3 

23 

— • 

26 

Total 

102 

104 

24 

8L 

1 

106 

94  were  positive.  IV. 3 distribution  of  the  findings  in 
accordance  with  dogree  and  site  of  injury  is  shown  in 
Table  3.  Twelvo  types  of  bacteria  were  isolated  frca 
hand  and  foot  lesions  of  patients  with  several  degrees 
of  frostbite.  Kcn-htuolytle  staphylococci  were  the  tost 
ccrsca  organism  in  the  lesions,  appearing  in  52  out  of 
140  cultures  or  37»l£  (Table  h\  Inspscti.cn  of  the  culture  data 
revealed  that  no  single  type  of  organism  predominated  for 
any  degree  or  site  of  injury.  The  proportion  of  positive 
cultures  asxng  the  various  degrees  of  cold  injury  indicated 
that  the  incidence  of  infection  of  fourth  degree  le3icns 
was  highest,  that  of  third  degree  lesicr.s  neub,  and  seccr.d 
degree  injuries  possessed  the  lowest  incidence.  The 
organises  cultured  frca  the  ve3icles  ar.d  open  lesions  caused 
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TABUS  3 

DISTRIBUTION  OP  POSITIVE  AND  NEGATIVE  CULTURES  FOR  BACTERIA  IB 
191  ISSICNS  IN  ACCORDANCE  WITH  B3SI2  OP  FROSTBITE 


First 

Second 

Third 

Fourth 


Number  _ Factorial  Cultures  in  Accordance*  with  Pit's  of  Lesion 

of  p;is __ 

Cultvra a J.v- -stiv -I'rporitiv*;  > : Stivofpositi 


50  16 

72  : 

69  4 


? 

7 

19 

28 

22 

63 

TAELS  4 

types  of  aicr-rxi  kclat:.;d  u;  cvltst^s  c?  mssohl  fkct 
I£eic:;g  o?  rosibbss  patents 


Bacteria 


Staphylococci,  r v'.'olytic 
Staphylococci,  hrnolytic, 
cc  ^Jasu  n'C-ative 
Bacillus  cub till 3 
Staphylococci,  hemolytic, 
coz^ulaso  positive 
Paracolon  bacilli 
Streptococci,  betn-h«Rolytic 
Coryr.cb?.ctcrim  xorcria 
Alcaligenos  fncealis 
Proteus  morgeni 
Scch-richia  fr;  undii 
Escherichia  intorrediirn 
Streptococcus,  non-huuolytic 


» Includes  one  culture  with  site  not  recorded. 


» 


I, 


by  cold  injury  were  not  those  generally  considered 
pathogenic  in  the  majority  of  instances.  Because  of 
their  common  occurrence  their  presence  could  be  expected 
as  secondary  invaders  of  open  cutaneous  lesions.  The  high 


incidence  in  the  more  severe  degrees  of  cold  injury  can 
be  readily  explained  by  the  longer  course  of  the  lesions 
with  longer  exposure  to,  and  greater  chance  of,  invasion 
by  secondary  contaminants. 

Serial  cultures  were  made  of  42  lesions,  the  time  between 
cultures  varying  fna  1 to  19  days.  Eighteen  of  these 
series  remained  positive  over  a period  of  time  averaging 
4 days.  Infection  of  sterile  vesicles  following  aspiration 


occurred  in  26  series.  These  findings  indicated  that 
aspiration  of  non-infected  vesicles  was  followed  by  secondary 
infection  in  a large  number  of  cases  and  the  application 


of  routine  antiseptic  and  antibiotic  measures  could  not 
prevent  such  contamination  in  many  instances.  This  further 
supports  the  doctrine  that  all  vesicles  and  bullae  should 
be  kept  intart  and  not  debrided  in  order  to  prevent  in- 
fection and  subsequent  delay  in  healing  of  lesions. 

Of  the  106  cultures  for  fungi  made  froa  frostbite  lesions, 
96  were  negative  and  nine  were  positive  for  pathogenic 
fungi.  Seven  cultures  of  Trichophyton  mentagrophjte, 
one  of  Trichophyton  rubrura  and  one  of  Trichophyton 
sulfUreum  were  obtained.  All  positive  cultures  were  frem 


the  feet 


It  ki  concluded  from  the  findings  that  bacterial 
and  fungal  infections  were  of  little  significance  in 
these  frostbite  lesions.  Wet  gangrene  of  the  lesions 
was  a rarity  eaong  the  frostbite  patients.  It  should  be 
emphasized  however,  that  these  patients  were  receiving 
Intensive  daily  antibiotic  therapy  and  daily  local  ti  eat- 
oent  of  injured  parts. 

B.  Pathology 

The  study  of  the  pathology  of  frostbite  injuries  was  made 
on  13  specimens  frea  11  patients.  These  tissue  specimens 
had  been  dpxugcd  by  cold  end  conflicted  of  two  najor  types 
of  diseased  tissues,  namely,  g-rvngrenous  parts  and  chronic 
ulcerations. 

In  the  cases  of  chronic  ulceration,  the  ulcer  I .ds  were 
cade  up  of  denso  chronic  inflar'ratory  tissue  in  various, 
generally  advanced,  abates  of  organization  and  cicatrization. 
In  the  cases  of  gangrene,  the  gangrenous  tissue  was  separated 
froa  viable  tissue  by  a bod  of  granulation  ti3SU3  also  in 
various,  generally  advanced,  states  of  organization  and 
cicatrization.  In  one  case  of  gangrene,  the  line  of  demarca- 
tion was  primarily  one  of  intense  acuto  necrotizing  inflam- 
mation with  only  scant  organisation  such  as  would  bo  found 
at  the  demarcation  zone  of  a cass  of  relatively  early  gangrene 
(15  days  post-frostbite). 

The  soft  tissues  that  appeared  grossly  normal  and  which 
were  removed  in  conjunction  with  the  ulcerations  and  gangrene 


showed  essentially  the  same  changes  in  all  specimens* 

The  changes  were  those  of  chronic  inflammation  of  varying 
intensity.  Any  variations  were  those  of  quantity  rather 
than  quality.  The  inflammation  was  most  intense  in  the  ' 
loose  supporting  connective  tissue  around  blord  vessels 
of  all  sizc3,  nerves  and  dermal  appendages. 

The  fat  tissues  *?ers  mildly  or  chronically  inflamed  and 
a few  scattered  foci  of  necrosis  were  present.  Many  of 
the  involved  fat  cello  wore  depleted  of  thoir  fat. 

The  skeletal  muscle,  away  from  the  lines  of  demarcation 
of  gangrenous  specimens  was  not  abnormal  except  for  the 
aild  chronic  inflammation  generally  present  in  all  the 
soft  tissues.  The  only  muscle  necrosis  seen  was  in 
relation  to  areas  of  demarcation. 

Ths  dsrrsal  appendages  away  frea  the  ulceration  and 
demarcation  lines  were  not  abnormal  except  for  the  sur- 
rounding chronic  inflammation.  Degenerative  changes, 
however,  ware  present  in  the  sweat  glands  in  areas  closely 
adjacent  to  ulcerations  and  demarcations. 

The  nerves  had  only  a very  few  chronic  inflammatory 
cells  within  their  trunks,  although  the  surrounding  loose 
connective  tissue  was  intensely  inflamed.  Degenerative 
changes  of  the  nerves  were  not  noted  except  within  ulcer 
beds  and  demarcation  inflaiesatory  tissue. 

The  blood  vessels  of  all  calibers  were  generally  devoid 
of  recent  thrcc.bi  as  well 'as  evidence  of  old  thrombi  except 
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in  areas  of  tissue  necrosis,  reorganizing  ulcer  beds 
and  demarcated  granulation  tissue*  Severe  thrombo- 
phlebitis was  present  in  the  grossly  normal  tissue  far 
removed  froa  gangrenous  tissue.  The  involved  veins 
could  readily  be  traced  to  the  separation  line  of  the 
gangrenous  parts  and  the  remote  phlebitis  was  attributed 
to  extension  frca  this  area.  Capillary  thrombi  were  not 
present  in  any  areas  of  the  specimens.  The  adventitial 
layer  of  the  larger  vessels  and  the  loose  connective  tissues 
around  the  larger  and  mealier  vessels  had  a chronic  in- 
flammatory reaction,  the  intensity  of  which  varied  with 
the  chronic  inflarmtion  of  the  area  in  general. 

Hemorrhages  in  essentially  nsmsl  are\o  were  few  and 
largely  fresh.  In  the  are -a  of  gangrenous  demarcation 
moderate  amounts  of  bleed,  degenerated  and  fresh,  were 
present  in  variable  sized  hemorrhages. 

The  bone  at  a considerable  distance  from  tho  demarcations 
and  ulcerations  was  not  generally  abnormal.  However,  one 
specimen  showed  a slight  osteogonie  process  without  an 
associated  marrow  abnormality.  In  a few  specimens  seas 
chronic  inflrrmatory  charges  and  fibrosis  of  the  marrow 
were  present,  but  these  changes  were  not  associated  with 
alterations  of  the  spicules.  In  the  areas  of  ulceration 
and  demarcation,  the  changes  moot  frequently  seen  wore 
marked  activo  osteogenesis  associated  with  some  osteolysis 
and  marked  chronic  inflammation  of  the  marrow  coupled  with 
extensive  fibrous  replacement.  In  cne  specimen,  however. 
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with  an  exposed  bone  surface,  the  bone  and  its  narrow 
were  not  abnormal*  In  . another  specimen  the  exposed  bone 
was  the  seat  of  an  active  acute  infleamation  of  the  marrow* 
The  bone  of  a cicatrized  toe  tip  had  evidence  of  marked 
bony  re -absorption  but  without  any  appreciable  marrow  al- 
terations* 

The  gangrenous  tissues  from  all  epacimena  were  uniformly 
alike  being  Involved  in  a non-specific  necrosis* 

The  changes  present  in  13  specimens  were  non-specific  and 
were  those  generally  seen  in  association  with  any  chronic 
ulcerative  proceae  and  in  association  with  demarcation  of 
any  gangrenous  process  other  then  classical  gas  gangrene 
caused  by  Clostridia,  nothing  was  present  that  could  bo 
specifically  attribute  to  frostbite.  Esctqco  the  lnpeo 
of  tins  between  tho  incidence  of  frostbite  and  tho  ex- 
amination of  tissue  was  eo  long  (27  to  134  days)  any  tissue 
changes  which  might  otl.endss  have  characterised  frostbite 
were  probably  obscured  by  non-specific  changes.  The  study* 
of  tissue  removed  so  long  aftsr  tho  occurrence  of  frostbite 
contributed  little  toward  the  understanding  of  the  patho- 
genesis of  this  type  of  cold  injury, 
in.  co?;cn;siCN,s 

Of  191  cultures  of  material  from  frostbite  lesions  49#  were 
positive  for  bacteria.  Twelve  typ»s  of  bacteria,  coraonly  found  in 
the  gastrointestinal  tract,  on  skin  and  in  coil,  were  identified.  No 
given  bacteria  were  characteristic  of  frostbite  lesions  nor  could  any 
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b«  related  to  severity  of  cold  injury*  The  bacteria  were  considered 
essentially  non-pathogenic  and,  to  a large  extent,  secondary  invaders 
in  open  lesions. 

Of  105  cultures  of  material  frcn  the  frostbite  lesions  ex- 
amined, 96  were  negative  and  nine  were  positive  for  pathogenic  fungi. 
Tho  fungi  consisted  of  three  types  of  Trichophyton,  namely,  T.  menta- 
grophyte,  T.  rub  rum  and  T.  sulfureua,  all  of  which  are  ccrcaonly  found 
in  cases  of  epidermophytosis  o£  the  feet. 

Tho  pathology  of  frentbit©  lesions  in  tissues  studied  was 
essentially  that  of  chronically  inflamed,  ulcerated  and  gangrenous 
tissue.  ChcXgos  in  irrade  and  bone,  as  wall  as  dermal  appendages, 
norvns  and  blood  vessels  were  described. 

Extensive  antibiotic  therapy  end  lack  of  early  tissue  specimens 
(27  to  12 days  rcst-froatbite)  may  vcll_  havo  obscured  sry  bacterio- 
logical or  pathological  changes  thich  right  be  characteristic  of  frost- 
bite. 
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FOOT  SWEAT  STUDIES  ON  FROSTBITE  CASUALTIES 
KOREA,  1951-52 


I.  INTRODUCTION 

E>cpo8uro  to  cold  resulting  in  & frostbite  injury  may  alter  the 
mechanism  of  sweating  in  the  involved  area.  An  early  manifestation 
of  cold  injury  is  anhidrosis  which  is  a transient  condition  in  first, 
second  and  third  degree  frostbite.  Ungley  (l)  in  studies  on  immersion 
foot  demonstrated  both  anhidrosis  and  sensory  loss  in  the  injured  area. 
A similar  finding  was  reported  by  Davis,  3carff,  et  al.  (2)  in  high- 
altitude  frostbite  patients.  Degenerative  changes  in  the  sweat  glands 
of  frostbite  patient3  have  been  described  by  Vadcworth  and  Riitney  (3). 
In  a comparison  of  early  and  lato  frostbite  lesions,  Friedman  and 
JCritcler  (4)  shoved  changes  ranging  from  degenerative  processes  in 
the  epithelial  linings  of  sreat  glands  to  atrophied  sms  at  ducts  and 
degeneration  of  surrounding  connective  tiesuo.  . 

Anhidrosis  in  first,  oeccnd  end  third  degree  frostbite  of  the 
fee*  is  usually  followed  by  hypsrhidrosis  but  the  enact  tins  of  onset 
and  causes  of  this  phenomenon  are  not  knovm.  Tha  duration  of  hyper- 
hidrosis  and  tho  total  amount  of  sweat  produced  fer  each  degree  of 
frostbite  has  never  boon  reported.  Excessive  sweating  of  feet  pre- 
viously injured  by  frostbite  is  a frequent  cccplaint.  Excessive 
sweating  of  the  feet  with  the  necessity  for  increased  attention  to 
foot  hygiene  r-ay  decrease  the  operational  efficiency  of  the  infantry 
soldier.  Hyperhidrosi3  of  the  feet  during  winter  months  could  con- 
tribute materially  to  loss  of  body  heat. 
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Consequently,  an  Investigation  of  sweating  of  the  feet  was  con- 
ducted in  order  to  establish  the  following} 

1)  The  presence  and  duration  of  the  anhidrotle  state  la  frost- 
bitten extremities. 

2)  The  time  of  onset  of  sweating  in  the  injured  extresdtles. 

3)  Qualitative  and  quantitative  measure a of  foot  swat  after 
frostbite  for  each  degree  of  injury. 

A)  The  presence  or  absence  of  hyperhidroais  of  feet  Injured 
by  frostbite. 

3)  The  presence  of  a racial  difference  in  foot  swat  output 
as  a possible  explanation  for  the  differences  in  injury 
Incidence  rates  between  Negroes  and  Khites. 

n.  irrrrons 

Foct-eveat  rrasurciants  were  perforced  at  the  Cold  Injury 
Center  of  (fraka  tar.  y Kc-pital,  ©r-.’-ca,  Japan,  frea  Kovcabcr  1951  to 
Kirch  1952.  Tin  oturiy  group  ir.c^'vdcd  ?3  patients  rho  had  incurred 
froutbite  of  the  feat  in  Corea  during  the  winter  of  1951-52.  The 
presence  and  amount  of  sweating  was  dstercine-d  by  using  thj  Minor 
Starch- Iodino  Test  (5 )»  quantitative  gravimetric  Beaouressnts  of 
total  foot  sweat,  and  eeasure'rsnts  of  the  electrical  resistance  of 
the  akin  of  the  feet. 

A.  Minor  Starch-Iodine  Test 

The  Minor  Starch-Iodine  test  was  used  to  dsteroir.e  tbs 
presence  or  absence  of  anhidrosis  in  patients  after  injury 
by  frostbite. 

Minor* s Solution  consists  of* 

Iodine,  C.  P.  ..........  1.52  gas. 
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Castor  Oil  ............  10  ee. 

Alcohol,  absolute,  q.  s.  . . . . . 100  cc. 

Finely  divided  rice-powder  is  used  as  the  starch  source. 

The  tests  were  conducted  in  a room  where  the  temperature 
was  maintained  between  62,  • and  86*  F.  with  a relative  humid- 
ity of  approximately  lt8$.  The  patients  were  at  strict  bed 
rest,  were  clothed  in  a pair  of  cotton  pajamas  and  covered 
by  one  sheet  and  blanket  which  extended  from  the  neck  to 
Just  below  the  knees.  The  patients  feet  were  cleansed  with 
alcohol.  This  was  followed  b7  a 30  minute  equilibration 
period.  At  the  end  of  the  equilibration  period  the  feet 
were  painted  with  a heavy  coat  of  Minor’s  Solution  which 
was  allowed  to  dry.  Tho  rice  povdor  was  then  dusted  over 
ths  area  covered  by  Minor’s  Solution  and  the  color  test 
road  39  minutes  later. 

Tho  appearance  cf  any  degree  of  blue  color  on  tho  foot 
was  interpreted  as  a positive  test.  i.  e.,  sweat  was 
present.  Tho  absence  of  a visible  color  change  was  re- 
corded es  a negative  test.  To  confirm  a negative  test 
tha  dusted  area  was  rubbed  with  a piece  of  cotton.  If 
no  blue  discoloration  appeared  on  the  cotton,  the  negative 
result  was  substantiated. 

B.  Quantitative  Measurements  of  Foot  Sweat 

Quantitative  measurements  of  foot  sweat  were  made  on  the 
following  five  groups  of  soldiers: 

1)  Cases  with  bilateral  frostbite  of  the  feet. 

2)  Patients  with  contralateral  uninjured  feet. 


3)  Casts  with  uninjured  feet  but  with  frostbite  of  the 
hands* 

4)  Osaka  control  subjects* 

5)  Fort  Knox  control  subjects* 

The  frostbite  patients  had  either  a first*  second  or  third 
•degree  lesion  which  was  either  bilateral  or  unilateral. 

There  were  15  patients  who  had  frontbite  of  the  hands  end  no 
evert  cold  lnjunr  of  the  feet*  Keasuronents  were  started  7 
to  14  da/a  after  injur/  and  repeated  at  epproxLiatsl/  vealcly 
intervals  for  a period  of  5 tenths.  Tho  aveie^o  na-jbor  of 
deteraincticno  par  patient  was  10  with  a rtngs  fren  four  to 
15.  The  teaiurxrsr.t*  were  conduct-.d  ir.  the  hospital  wards 
where  the  fj.hicnt  temperatures  fluctuated  between  72*  and 
7o*  F*  Xnltirticn  of  ths  test  dap-cnded  upon  tve  far-torot 
the  rr.  r-.roe  of  a positive  starch-iodine  toot*  and  euffi- 
elaitly  healed  frostbite  losio.eo  to  avoid  infection  end 
trfina. 


The  OeoJca  controls  were  24  nodical  pitionta  who  were  hos- 
pitalised in  tho  0 sV<«  An;/  Horpital  for  conditions  other 
than  frostbite.  These  patients  vow  corbat  infantrj-.sn  who 
had  been  evacuated  free  Kor'a  at  ..’pproxlnatol/  the  na-a  tine 
as  the  cssns  of  frostbite.  The  objects  h*d  no  neurological 
di 'orders  or  injuries  of  the  lower  extremities  and  their 
feet  were  considered  noroal.  Onl/  one  ovsat  determination 
per  foot  was  made  on  each  control  free  2100  to  0000  hours 
esplo/ing  tho  a.-®-*  st/ndard  condltlona  end  following  the 
sane  procedure  as  outlined  below  under  nocturnal  measurements. 


~ s- 


The  Fort  Knox  controls  wers  24  normal  mals  labor*  >17  tech- 
niclans  whose  o«an  ago  was  25  years  with  a rang#  from  IB  to 
30.  A total  of  four  oaasursacnts  per  foot  were  made  in  one 
month  (October  1952)  at  Fort  Knox*  Kentucky.  The  procedures 
employed  for  the  determinations  are  described  below  under 
nocturnal  measurements.  Each  subject  was  equilibrated  for 
l.$  hours  before  the  collection  of  sweat  was  initiated  by 
resaining  at  bed  rest  with  the  bare  feet  exposed  to  an  am- 
bient temperature  of  74*  F.  tbs  subjects  were  not  per- 
mitted to  sraske* 

the  following  ltc.u  wore  used  for  each  patient! 

1)  Two  plastic  rinylite  bags. 

2)  One  pair  wool  cushion  sole  socks. 

3)  One  pair  ruhbor  barrier  socks. 

4)  Two  hand  towels. 

1.  ffoctumal  Keaaurt-cnta. 

The  wool  socks  end  hrnd  tovsla  ware  desiccated  to  a 
constant  weight  in  a drying  o/en.  Into  ecch  plastic 
bag  was  plaeod  or.s  wool  eock*  one  rubber  barrier  cock 
and  one  hand  towel.  The  top  of  the  bag  wae  sealed 
with  a rubber  band  and  weighed  to  the  nearest  tenth  of 
a gram. 

The  collection  of  foot  sweat  was  started  at  2100 
hours  and  tejrriniitod  at  OPCC  hours.  This  period  of 
tins  for  collection  of  rwcat  was  selected  since  the 
patient  would  be  at  ccr.plete  bed  rest  ttnder  approxi- 
mately basal  conditions.  nininiie  the  uptake  of 
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eoieture  frco  th«  air  only  one  bag  vu  opened  at  a tiae. 
Each  foot  was  clothad  In  the  wool  socle  and  covered  by 
the  rubber  barrier  cock.  The  desiccated  hand  towels  re- 
tained inside  the  boss*  The  patients  were  inspected  by 
the  investigator  at  2100,  2300  and  2400  hours  and  by  the 
nurse  at  0100,  0300  and  0500  hours  to  insure  that  the 
patients  rcr-xirod  in  bed  with  their  feet  tutposed  to  rooa 
tetrparrtero.  In  addition,  the  rubber  barrier  eoc’c  vea 
exardr.cd  to  trie  certain  it  wis  in  p ropor  pojition  and 
snugly  fittrd  to  prevent  pn-o^t  lass  by  evc;x>n  tion. 

At  0-300  hours  the  rubber  b-rrier  and  veol  source  wera 
rcoovcd  rr.d  cry  roaidvil  rajuttco  on  the  foot  wo  wiped 
off  onto  ths  rcs..'«tive  dciiocr.t.'d  hind  to  'ale#  All 
itva  fer  e-.ch  foot  t rj  then  pi.-ced  in  their  rv'yv.ctiva 
lc baled  t' ja.  Cecil  big  wj  then  vil'Jud,  evt  the  £-«unt 
ef  ci. :it  collected  t\.e  raoor.'.i  ca  gv.vi  of  fact  ;n  :at 
pr  11  hours. 


The  d<->tir.e  collections  cf  n-.rat  v.^.-e  r'<«  > l*r n pi* GO 
to  1T00  heuru,  fclic-.dnj  the  sa -vproce  Ht'j  (except  for 
activity)  a. i f r-vlo.'ly  <!*■  ecr-ib.  I for  the  a^httire  col- 
lectlore.  A tot"!  of  54  f;;.  tbit  a p tiente  fivn  the 
nooturr.il  gro’-p  h .1  free  *\ro  to  «le  <i i)-t*-e  coUcctione 
r ids  cr.—r  s fried  of  10  t.o  .1:.0  d jj  poit-injury.  The 
activity  of  the  i’.yth->  gr«up  w.m  not  ri.;idly  supervised 
or  controlled.  T>»  n ll.:r.t  via  rile-'  d to  r.e*e  fr^ly 
about  ths  veri,  trio  pert  In  bidv-'de  E-  >s  or  r r In  in 
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bed  during  the  collection  period.  Ke  was  hot  allowed  to 

♦ 

leave  the  ward  between  0*300  and  1900  hours  and  hi:  meals 
were  served  at  the  bedside.  Hourly  checks  by  the  nurse 
or  Investigator  were  made  to  assure  that  the  socks  were 
being  worn  properly. 

C.  Skin  Resistance  Hor-surem— its 

The  principle  of  skin  resistance  measurement  as  defined  by 
Richter  inv.olves  differences  in  skin  resistance  levels  rather 
than  actual  quantitative  measurements  of  this  resistance. 
Richter  further  states  that  the  resistance  varies  inversely 
with  sweat  gland  activity.  Ths  modal  number  of  Measurements 
of  skin  resistance  porforrM  per  patient  was  four  with  a range 
froa  two  to  eight. 

A r.edifieu.tion  of  Richter’s  doTV.cavtor  (6,  7#  0)  was  used. 

A disgrea  cf  the  electrical  circuit  of  ths  modified  dcr- 
ocucter  in  prosar.Ud  in  Figure  1.  Tin  3ccle  on  the  rotor  of 
the  der."OT.,tcr  vas  grrioatc-J  in  tenths  of  a mho*  fron  0 to  5 
mhos.  A realo  railing  of  aero  indicated  high  skin  resistance 
or  the  absence  of  sweat  gland  activity.  A scale  value  of  5 
mhos  was  ths  maximal  activity  the  instrument  was  capable  of 
recording  although  It  f'XleJ  to  reflect  the  maximal  actual 
secretions.  An  appropriate  linear  relationship  between 
aweat  gland  activity  a:d  scale  reading  prevailed  ir.  the 
intermediate  sene. 


.}  ..ho  la  a practical  unit  of  conductance  (the  reciprocal  resist- 
It  is  tf  ? conl'.ctci.ce  of  a b>ly  through  which  one  ampere  of 
it  flews  u'/'n  th>  potential  difference  ia  or.e  volt. 


Crcaford,  A.M.R.L 


Measurements  were  conducted  in  an  ambient  temperature  of' 
70*  to  7k*  F.  The  feet  were  not  subjected  to  any  special 
preparation  prior  to  this  procedure.  Patients  were  at  bed 
rest  with  feet  exposed  to  the  . air  for  at  least  2 hours  prior 
to  measurement.  Nineteen  standard  points  per  foot  were 
selected  for  each  measurement.  Nine  points  were  on  the 
plantar  surface  and  10  on  the  dorsal  surface  of  the  foot 
(Figure  2).  The  plantar  and  dorsal  surf  res  of  the  foot 
were  further  divided  into  proximal,  middle  and  distal 
thirds.  This  division  of  the  foot  permitted  the  olectrioal 
resistance  of  the  skin  of  the  six  gen-ral  areas  to  be  com- 
pared. The  electrode  was  placed  by  simple  contact  on  each 
point j readings  wore  token  directly  from  ths  cuter  and 
recorded  as  mhoe. 

Ill,  F"fJJT.T3 

A,  Kincr  Starch-lodino  Teat 

A positive  tost  was  obtained  on  73  oat  of  ?8  patients. 
These  73  patients  ware  first  tested  12  to  lk  days  post- 
injury.  Three  patients  with  second  degree  3rd  two  with 
third  dogree  when  first  tested  v*re  fourd  to  be  in  an 
anhidrotie  state.  In  these  five  patients  a positive  Hlnor 
test  was  first  obtained  •)  days  after  injury. 

B.  Foot -Sweet  Hoaouro; rents 

Keasurenanti  of  foot  sweat  were  performed  on  a total  of 
62  frostbite  patients.  Mean  sweat  values  for  the  several 
11  hour  collections  were  determined  for  each  foot.  In 
order  to  correlate  the  changes  In  sweat  production  with 


ti me  post -injury  tho  measurements  of  foot  sweat  were  divided 
into  four  30  day  periods  (1-30,  31-40,  61-90,  91-120).  This 
division  tended  to  equalize  the  nuaber  of  letendnationa  for 
each  patient  and  yet  not  cask  differential  sweat  production 
between  periods  (see  Table  1 for  the  distribution  of  feet 
used  in  this  stvidy). 

TABLE  1 

DISTRIBUTION  OF  FEET  STUDIED  FOB  SWEAT  OUTPUT. 


D--.r.'a  of  Injury  of  Feet 

JBrht 

Loft- 

Kona  (Cj;J:a  controls) 

24 

24 

None  (Encx  controls) 

24 

24 

Kona  (Caly  hands  injured) 

15 

15 

Kara  (Control,  .torsi  foot  injured*) 

5 

3 

First 

7 

$ 

Second 

22 

20 

Third 

24 

15 

Total 

m 

-09 

♦Tlw.-e  ccntralntorol  fsafc  eppsar  under  eithor 

seconi  or  tiilid  degres  injuries. 


1.  First  Cvgroo  Frostbite 

During  tha  first  30  day  period  after  injury  the  seen 
ove3t  values  for  tbs  right  foot  of  six  patients  ranged 
fre-u  7.0  to  14.5  groins  par  U hours  (Table  2).  The  left 
foot  of  seven  patients  during  this  first  period  had  a 
evron  sweat  production  ranging  fron  5*5  to  19>4  grxrs  per 
H hours  (Table  3)*  Tho  mean  of  means  for  tho  right  and 
loft  foot  .ur.ong  the  13  patients  showed  a progressive 
Increase  in  s.oat  production  up  to  90  days  after  injury. 
Co-ipariaonsi  between  tho  right  and  left  foot  for  each 
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post- injury  period  showed  the  aean  values  not  to  be 
significantly  different  from  one  another  (“t"  values 
ranged  from  0.653  to  I.96I). 

TAELS  2 

DISTRIBUTION  OF  S7.L\T  VALUES  FOR 
FIRST  EffiZS  FROSTBITE  C?  TK3  RIGHT  FOOT  WITH  RESPECT  TO 
FOST-EJJUitf  CCLCCflCS  PERIOD. 


• 

b-vs  Pctt-Tnlerv 

Subject 

1- 

*0 

L 3)- 

3 

! n1- 

•'0 

01. 

i?o 

Ho. 

:Ican  Ft 

’nan  Vt 

Ft 

"son  Ft 

C:.-3at 

-:c/ll 

SeDe 

Stoat 

S.D 

1 G.:  >at 

1 ;/n 

3.D 

;is/U 

S.D 



hr 

>‘T»  ^ 

*>• 

17 

7.93 

10.673 

14.22 

10.5; 3 

19.65 

24.06 

11.150 

19.53 

16.147 

23 

9.33 

11.433 

Z2.4':2 

19.63 

1-4.110 

26,02 

13.594 

33 

7 .to 

10.33 

11.355 

15.C5 

12.500 

59 

7.03 

11.633 

16. fl 

14.  C.? 

22.65 

11.450 

to 

9.75 

iO.CJO 

23->3 

21.60 

♦O.O3O 

43 

10.S? 

13.541 

13.32 

12.319 

15.00 

16.375 

53 

14.47 

11.563 

16.50 

10.5'  3 

Icon  of 
S'oans 

9.33 

12.57** 

15.69 

15.105 

20.1:9 

14.456 

13.50 

■■  '■■■  H 

16.005 

2.  Second  Cojroe  Frostbite 

The  re  an  foot— rvcat  values  for  the  right  foot  of  12  pa- 
tients ranged  fren  5»**  to  17.5  gratis  per  11  hours  (Table 
A).  Thj  loft  foot  of  19  patients  for  the  erns  period 
varied  free;  4.7  to  20. 3 grtr*'?  per  11  hours  (Tnbls  5). 

The  cyan  of  r«.ans  for  the  right  end  left  foot  shovred  a 
progressive  Increase  in  the  amount  of  meat  collected  up 
to  JO  days  after  injury.  Comparisons  fcetvMen  the  nan  of 
E*m  values  for  the  right  ar.d  left  foot  in  each  period 
shoved  then  not  to  be  significantly  jifferent  (i'tn  values 
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ranged  from  0.346  to  1.468)» 

TABLE  3 

DISTRIBUTION  OP  SWEAT  VALUES  FOR 
FIRST  DEGREE  FROSTBITE  OP  THE  LEFT  FOOT  ACCORDING  TO 
POST- INJURY  COLLECTION  PERIOD. 


Days  Poct-Injur7 

lubject 

No. 

1- 

-10 

m. 

--0 

61-90 

91 

-120  __  _ 

Mean  Ft 

Kean  Ft 

i.'ean  Ft 

Ka*n  Ft 

Sweat 

S.D 

Sweat 

S.D 

2- /eat 

3.D 

Sweat 

S.D 

gres/ll 

C3-/H 

gru/u 

gais/ll 

hr 

hr 

hr 

5 

6.67 

14.121 

10.45 

-2.657 

13.55 

-2.500 

11.93 

11.231 

21 

5.50 

-1.325 

12.2.'* 

12.CC3 

41 

7.95 

-1.343 

13.46 

-1.156 

22.45 

13.350 

48 

10.25 

71.312 

16.45 

L5.C05 

13.40 

11.233 

58 

15-03 

-1.747 

15.76 

-1.143 

16.15 

65 

19.40 

-15.4CO 

22-96 

--9.426 

11.250 

82 

10.95 

-1.740 

15.55 

fV.C7l 

e7 

12.15 

-1.200 

13.53 

•*0.718 

loan  of 
Means 

11.12 

-5.303 

14.23 

14.342 

17-15 

14.340 

12.67 

11.470 

3.  Third  Decree  Frostbite 

The  ire, in  gran3  of  eve, it  collected  during  the  different 
post-injury  periods  for  the  right  and  left  foot  among  30 
patients  Is  oh own  In  Tables  6 and  7*  The  mean  of  mean 
values  for  each  foot  shewed  a progressive  Increase  in  the 
amount  of  sweat  collected  up  to  90  days  after  injury. 
Ccvyar Isons  between  the  mean  of  mean  values  for  the  right 
and  left  foot  yielded  no  significant  differences  (**t** 
values  rang'-d  from  0.027  to  1.255). 

4.  Comparison  of  Foot  Sw<*at  by  Degree  of  Injury 

'Die  mean  values  for  the  right  and  left  feet  within  each 
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TABLE  & 

DISTRIBUTION  OP  SWEAT  VALUES  FOR 
SECOND  DEGREE  FROSTBITE  OP  THE  RIGHT  FOOT  ACCORDING  TO 
POST-INJURI  COLLECTION  PERIOD 


Days  Post-Injury 

1- 

30 

31. 

-60 

61- 

-90 

?1 

-120 

uUCJCCb 

No. 

Kean  Ft 

Mean  Ft 

Mean  Ft 

bean  Ft 

Swat 

gas/ll 

S.D. 

Svcsfc 

gais/ll 

S.D. 

Sweat 

gw/ll 

S.D. 

Sweat 

gas/11 

S.D. 

hr 

hr 

hr 

hr 

5 

5.40 

2 0.200 

11.10 

1 1.663 

14.05 

± 1.35C 

11.62 

2 0.773 

15 

8.60 

2 1.020 

9.43 

1 3.233 

34 

16.24 

♦ 4.3/5 

13.35 

* 2.650 

23.35 

♦ 2.75C! 

14.35 

1 3.75C 

n 

7.23 

* 1.644 

H.85 

2 4.374 

15.23 

1.035 

21.50 

2 4.597 

44 

5.50 

1 0.374 

10.30 

♦ 1.47/ 

16.05 

♦ 1.050 

17.10 

♦ 1.267 

52 

10.77 

♦ 2.193 

14.62 

♦ 4.275 

14.C0 

♦ 3.792 

53 

17.45 

♦ 1.53? 

13.82 

♦ 1.556 

14.23 

♦ 1.322 

57 

13-63 

1 1.721 

12.85 

♦ 0.650 

63 

13.C6 

♦ 3-711 

16.52 

♦ 4.95' 

15.70 

♦ 1.23* 

70 

17.40 

1 2.53C 

18.02 

i 4.730 

12.00 

♦ 3.C0C 

75 

15.83 

1 1.S91 

15.17 

♦ 2.527 
,*  0.642 

12.95 

♦ 0.950 

79 

9-C6 

♦ 1.37C 

12.65 

14.05 

♦ 1.95C 

Kean 

of 

Keans 

11.81 

i 4.707 

13.35 

Jt  2.627 

15.45 

± 3.367 

16.14 

♦ 4.867 

degree  of  injury  and  post-injury  period  vrere  combined. 


Th«  mean  values  for  sweat  collected  par  11  hours  per  foot 

• 

for  first,  second  and  third  degree  frostbite  respectively 
within  each  post-injury  period  trare  cccparcd.  Except  for 
the  comparison  betv.-cn  sscor.d  and  third  decree  frostbite 
in  the  31-60  day  period,  no  other  significant  differences 
in  foot  sweat  values  by  degree  of  injury  were  found 


n 


(Table  8).  The  difference  between  the  recan  sweat  values 
of  second  and  third  degree  in  the  31-60  day  period  was 
2.8  grat.is.  When  this  difference  in  mean  foot-sweat  value 
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TABLE  5 

DISTRIBUTION  CF  SWEAT  VALUES  FOR 
SECOND  DEGREE  FROSTBITE  OF  THE  LEFT  FOOT  ACCORDING  TO 
POST- 1?.’ JURY  COLLECTION  PERIOD 


i Days  Post-Injury 

Subject 

l 1 

30 

1 

t 61-9Q 

• °1-12Q  _ J 

tic  an  Ft 

dean  Ft 

Uean  Ft 

lean  Ft 

No. 

) Sweat 

bas/H 

S.D. 

Swaat 

gni3/ll 

S.D. 

1 Sweat 
j3i3/ll 

S.D. 

Sweat 

gas/ll 

S.D. 

I hr 

hr 

1 hr 

2 

4.66 

1 0.336 

10.73 

X 2.462 

11.00 

♦ 0.8CO 

1 

8.67 

1 3.006 

8 

12.05 

1 2.550 

19.90 

X 5.4?2 

23.13 

♦ 6.339 

13.73 

13.842 

15 

6.53 

1 1.039 

11.43 

1 2.105 

23.00 

X 4.4CO 

19 

5.43 

X 0.741 

10.46 

1 2.728 

17.90 

11.100 

19.60 

1 6.865 

20 

6.63 

♦ 1.144 

12.31 

X 1.642 

14.36 

1 1.263 

12.92 

10.517 

26 

14.29 

1 2.970 

13.40 

1 0.904 

19.42 

1 5.409 

3? 

6.50 

1 0.033 

12. 0!« 

1 6.135 

13-45 

1 O.35O 

16.50 

11.7CO 

39 

14.33 

1 3.836 

17.56 

1 2.818 

22.60 

1 1.200 

40 

10.S0 

♦ 0.356 

21.67 

1 6.770 

19.60 

11.200 

43 

6.53 

X 2.302 

11.53 

11.676 

15.20 

X 1.S35 

11.30 

1 l.CGi 

44 

5-56 

♦ 0.732 

11.32 

1 1.728 

17.30 

1 1.500 

19.00 

X 2.780 

52 

12.02 

X 2.319 

14.90 

1 5.2V1 

16.82 

1 5.260 

53 

16.55 

+ 2.921 

17.66 

~ 3-755 

15*40 

1 2.699 

57 

14. CO 

+ 2.713 

11.95 

10.250 

67 

15.50 

x 5.50s 

15.96 

1 7/63 

14.23 

12.894 

63 

20.26 

X 1.855 

18.14 

•-  2.527 

15.56 

1 1.249 

79 

13.33 

X 1.335 

12.77 

X 0.910 

02 

10.95 

1 0.650 

14.93 

1 4.034 

17.65 

1 0.250 

04 

11.90 

♦ 1.8C6 

19. CO 

1 6. ICO 

86 

13.95 

X 0.C50 

21.62 

X 5.073 

Mean 

of 

Means 

10.02 

x 4.556 

15.02 

1 3.792 

17.23 

1 3.630 

15.14 

1 4.398 

was  compared  to  the  differences  between  the  other  degrees 
of  frostbite  no  slgniflcc-nce  was  found  (t«1.456,  P >.10), 
thu3  'strengthening  the  impression  that  the  observed  dif- 
ference occurred  by  chance.  It  was  concluded  that  the 
degree  of  injury  dees  not  materially  influence  the  rate 
of  sweating  in  the  injured  foot. 
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TABUS  6 

DISTRIBUTION  OP  SViEAT  VALUES  FOR 
THIRD  DSGRKS  FR05TBI72  OP  Ti£3  RIGifT  FOOT  ACOORDDC  TO 
POST-DWURr  COLLECTION  PERIOD 


Diy»  Poat-Injury 


Kean  >t 
Swat 

lfiar/ll 

hr 

jr.  v .aw,*.*. 

6.IO 
12.CS 
[ 14.90 

6.C6 

6.C6 

20.54 

5.65 

20.26 


fl.C5  i.1.927 


S.D. 

Mean  Ft 
Svaafc 

Lja/ll 

S.D. 

.nan  Ft 

0-aat 

jau/ll 

'i-mnss9K**t 

hr 

•Jt  • 

i0.2 16 

U.33 

13.043 

n.cc 

13.5C4 

13.46 

13.754 

20.30 

13.116 

30.92 

19.6-3 

30.40 

10.42 

ti.625 

15.65 

H.13* 

12.72 

13.49? 

15.65 

H.C?1 

10.J3 

11.766 

.<5.051 

24.72 

*3.510 

20.95 

*0.634 

13.16 

•>n  r-  * 

10.95 

16.115 

20.10 

<4.9*1 

20.15 

16.63 
11. 5;’ 
6.30 
12.60 
13.60 
10.90 
17.V0 
11.90 
?J.CO 
22.20 


*'».**n 

14.  K 3 
<.7.100 
:l./?5 
10.0*0 
14..*  ’ 0 
♦l.V'O 
io.:“o 
14.300 
14.9'" 


14 .10 
12.55 
10.60 
16.C3 

13.05 
27.  CO 

14. 5 5 
o 

13.43 

26.03 

39.05 
1?.;'5 
16.92 
26.90 
14.75 


13-5  4 
13.CV9 

19.C3 

11 .9*1 

15.90 

6a.ri4 

17.20 

15.050 

13.40 

*4.912 

13.26 

12.451 

15.60 

13.561 

15.50 

*6.717 

15. CO 

; J.5«2 
12.7 1 •> 
♦1.3C5 
24.926 
12.333 
10. 723 


il.4C0 

14.7CO 

-2.551 

.tl.CC3 

H.S50 

il.214 

17*323 

i3.no 

ii.17; 

.9.7.5c 0 
<4.690 
63.645 
*2.093 
.17.3C0 
il.VCO 
12.412 


01.  .1 
Keen  Ft 
SVoat 
csa/n 

I 10.67  I 


13.31  16.479  17.45  *6.355  17.49  *4.497  14.S2  13.751 


5.  Cenp-arlson  of  Foot  .Veat  by  Tina  Pcat-Injur7 

Earlier  analyses  rhoved  that  there  ww  no  significant 
dl/r.jfoneos  In  the  foot-swat  output  for  the  ri^ht  and 
laft  foot  and  for  tha  different  decrees  of  Injury.  The 
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TABLE  ? 

DISTRIBUTION  OP  SWEAT  VALUES  FOR 
THIRD  DECKER  FROSTBITE  CP  THE  HPT  FOOT  ACCORDING  TO 
rOST-INJURT  COLLECnOI  PERIOD 


Cars  PocV-ls.lurr 

Subjeet 

Ho. 

1- 

30 

1 .31-60 

1 61-50 

91- 

.120 

y.nn  Ft 

ttuan  Ft 

jjfl  Ft 

•lean  Ft 

Sweat 

gsia/11 

S.D. 

Sweat 

;J3/11 

3.0. 

£Veat 

iwj/11 

3.9. 

Event 

3wr:/ll 

S.D. 

hr 

hr. 

hr 

hr 

3 

9.10 

31.143 

17.61 

32.730 

:o.4o 

36.C00 

9 

13.74 

Kn  rt»i 

15.55 

35.9« 

17 

10.73 

3.1.536 

Ezra] 

19.50 

Wifi] 

1A.53 

33.203 

23 

11.00 

-2.719 

20.  a 

-•5.933 

24.63 

RwSI 

26.55 

33.703 

25 

17.61 

-2.756 

20.70 

3?.c,d 

eCOewt-2 

-1.932 

19.65 

32.550 

27 

5.36 

-O.S03 

11.97 

*3./ 79 

17.03 

73.373 

13.;  .7 

35.947 

33 

14.17 

f*.7;2 

17.75 

30.792 

1 US'*. 

32.17? 

34 

15.43 

V5.;47 

22.35 

31..150 

22m7/> 

3.5.r;6 

34 

13.51 

73.97« 

11.33 

3o.f;S 

33 

5.?0 

-0.270 

10.60 

-7.. 777 

15.90 

35.0:0 

50 

19.27 

-;3  .•••'<? 

2\0 

13.73 

32.116 

66 

13.U3 

-3.670 

15. ;6 

*3.3/7 

14.24 

31.557 

70 

17.63 

2 V, 

17. 1 4 

-•3.'  77 

16.55 

31.630 

75 

17.63 

— 1.7  30 

13.  V i 

“1.HJ 

9.30 

33.000 

Cl 

29.V  ) 

'6.y; 

- 1.6'7 

['.’an  of 
Means 

13.59 

-5.8W 

16.63 

-4.274 

17.54 

34.50’J 

17.35 

3/, .747 

mean  foot-v/eat  valuis  ver:  the -afore  ec'Mned  Into  a sliv- 
gle  value  for  each  of  the  fcur  JO  day  po:  t-in  J'ury  periods. 
This  grouping  yielded  a *etit  sweat  output  per  fcot  per  11 
hours  for  each  post-frostbite  period  as  follows:  1-30 

days,  11.8a  gra-is;  31-60,  1J.7)  3r.-:isj  6l-?0,  17.16  grans 
and  91-120  days,  15.97  ^rras.  Cc-pari  Jons  bstv*  a those 
values  with  reopcot  to  th*  post-injury  period  a »r*'  shown 
in  Table  9.  The  foot-sweat  value  of  the  first  ;-riM  wan 
nljpil  f Irantly  low'?r  thin  the  values  foe  the  secer,!,  third 
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and  fourth  post-frostbite  periods*  the  foot  eweat  col* 
lected  in  the  31-60  day  period  mas  significantly  lower 
than  that  of  the  61-90  day  period,  the  remaining  com- 
parisons were  not  significant.  These  analyses  'ndieated 
that  there  was  an  increase  In  foot  swat  from  time  of 
injury  up  to  the  61-90  day  per.'od  after  which  the  amount 
of  foot  sweat  collected  remained  fairly  constant. 

TABLE  9 

comparison  o?  r.rvr  vaiies  for 

PATIEn-S  WITH  Fn037DlTTiil  TZSl  ACCORDING  TO 

tike  rosT-mJuar 


Days 

Post- 

7r:'r~/.. 

1-30 

31-60 

No* 

of 

..  F.'.-t. 

79 

94 

|K--.n  Ft 

Ci'iat  (p>’y 

11  y? 

11.S6 

15.70 

S.D. 

t 

f 

- 4.9?3 
i 4.600 

5.222 

•C.CQ1 

1-30 

61-90 

79 

70 

11.C6 

17.16 

- 4.993 
3.761 

7.367 

<.001 

1-30 

91-1S0 

79 

41 

n.es 

15.97 

14.993 
1 4.031 

4.871 

<.001 

31-60 

61-90 

94 

70 

15.70 

17.16 

1 4 y-ro 

1 3.761 

2.234 

<.001 

31-60 

91-120 

94 

Ul 

15.70 

15-97 

1 4.6CO 
1 4.031 

0.342 

>•70 

- 

O CN 
H-  »-* 
1 1 

PO  £ 
O 

70 

Ul 

17.16 

15.7/ 

1 3.761 
♦.  4.031 

1.530 

>.10 

6.  Diurnal  Foot-5ve.at  K.m  vjrcn;rts  on  Frostbite  Patients 
Diurnal  treasuro?"nts  of  foot  sweat  were  made  f-r  54 
patients.  These  r jes  wore  combined  Irwirvctlvo  of 
degree  of  injury  or  ext  realty  co  that  the  near,  grar.s  of 
sweat  collect'd  per  foot  |»t  11  hours  could  be  calculated. 


Comparisons  of  these  mean  values  were  Bede  on  the  basis 
of  tlae  post-injury  that  the  collection  was  performed 
(Table  10).  There  was  a progressive  increase  of  foot 
sweat  frees  the  first  period  (1-30  days  post-injury)  to 
the  fourth  and  last  period  (91-120  days).  The  mean  foot 
sweat  of  the  first  period  was  significantly  lower  than 
the  mean  of  any  ono  of  the  other  three  intervals.  The 
31-60  day  period  moan  was  significantly  lower  than-  the 
mean  of  the  91-120  day  period.  The  scan  of  the  second 
period  was  not  significantly  different  frera  the  mean  of 
the  third  porlod  nor  was  the  third  period  mean  signifi- 
cantly different  frea  that  of  the  fourth  period. 

TAELS  10 

compariscw  o?  root  s.t'.t  VTf.fxvTvrna  of 
Diuij.'AL  cotjr.c?ic:i  fo.i  ;/>  p.-tx.  .vs  with  . 

Rusrrcr  to  t vz  post- rwuiir 


Cays 

Ho. 

linn  Ft 

Jt  in-land 

Poet— 

of 

-'..•cat  g-7 

Djviattcr 

t 

P 

_ *w**p_r_ 

,.JPc*t. 

.1 1 hr  a 

1-30 

79 

17.5 

i 5.*0 

2.360 

<.01 

31-60 

63 

21.0 

i 9.42 

■/ii 

TyTi> 

■e  5»*»U 

4.046 

<.001 

61-90 

22 

24,1 

♦ 7.20 

T/d  [ 

T/o 

-1  j.td 

4.143 

<.001 

91-120 

k 

27.3 

1 4.60 

31-cO 

61-90 

63 

22 

rrro 

24.1 

- 7.20 

1.706 

>.05 

jl-oO 

5? 

5170 

— 

2.509 

<.02 

91-120 

k 

27.3 

♦ 4.60 

“Ti-yy 

Xi. 

1:0 

T7 750 

1.149 

>.02 

91-120 

k 

27.3 

♦ 4.60 

There  was  a progressive  increase  in  the  sweat  production 
up  to  90  days  after  Injury  for  both  the  diurnal  and 
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nocturnal  aeasurenents.  Cocparlsona  between  the  day  and 
night  values  Indicated  a greater  sweat  output  during  the 
diurnal  period  (Table  ll).  This  differential  undoubtedly 
reflected  the  effects  of  greater  physical  activity  of  the 
patients  during  the  daytiae. 

TABLE  11 

COMPARISON  OP  KEAN  FOOT  SWEAT  KEASUPJTSOTS  FOR 
DIURJ1AL  AND  NOCTba.'.',’!  COLLECTIONS  WITH  RESPECT  TO 
TE-E  POST-EUURT 


Cays 

Post- 

Tine 

of 

Tent 

•Bo. 

of 

Fret 

Mean  Ft 
S*-oat  gmV 
11  hr 

Standard 

Deviation 

t 

P 

1-30 

1-30 

Bight 
B ay 

79 

73 

11.9 

17.5 

£ 4.99 
- 5.40 

6.745 

<.001 

31-60 

Might 

94 

15.7 

1 4.60 

4.561 

<.001 

31-60 

Day 

63 

21.0 

18. 42 

61-90 

Might 

70 

17.2 

1 3.76 

4.320 

<.001 

61-90 

D?7 

22 

24.1 

1 7.19 

91-120 

Might 

41 

16.0 

1 4.03 

4.781 

<.001 

91-120 

Usy 

4 

27.3 

1 4.60 

7. 


8. 


Racial  Comparison  of  Frostbite  Patients 
The  mean  foot-sweat  valuos  for  the  25  White  and  2 2 Negro 
Fatients  wero  co:pared  Irrespective  of  spoclflc  extremity 
or  degree  of  injury.  Bo  significant  difference  was  found 
between  the  two  groups  ("t*  » 0.524). 

Contralateral  Uninjured  Feet  in  Uijri^ateral  Frostbite 
There  wore  eight  patients  who  had  either  a second  or 
third  degree  frostbite  of  one  foo^  and  the  contralateral 


foot  showed  no  overt  evidence  of  injury  by  cold.  Table 
12  shows  the  individual  mean  foot-uw-at  values  for  these 


eight  patients  in  each  post-injury  period.  It  is  to  be 
noted  that  the  ae&n  of  coon  values  for  Injured  and  un- 
injured feet  are  not  too  different  and  follow  a progres- 
sive pattern  up  to  $0  days  after  injury.  Comparison 
between  the  Bean  of  coon  values  for  the  injured  and  un- 
injured feat  showed  no  significant  differences  in  foot 
sweat  collected  during  each  post-injury  period  for  these 
two  classes  of  feet  (Bt*  valuo3  ranged  frets  0.165  to  0.852). 

The  sean  foot-swoat  values  for  the  contralateral  un- 
injured foot  wore  compared  with  respect  to  the  different 
post-injury  periods.  The  difforcncoo  between  the  first 
and  third  and  first  and  fourth  porioda  were  significant 
(Table  13).  The  re: lining  comparisons  wore  not  signifi- 
cant. Table  14  choirs  the  cc:.p*.risen  bstvren  the  roan  foot- 
eiroat  t; s; surer onts  for  contralateral  uninjured  feet  and 
frostbitten  foot  (psp'ditior  from  Tablo  9).  In  no  case 
was  there  a significant  difference  in  foot  svsat  for  these 
two  distinct  groups  of  fcot. 

Uninjurud  Feet  in  Fmtbite  of  the  Hands 

Measurements  of  foot  sweat  vers  Bide  for  15  patients 
who  had  frostbite  of  the  hand3  without  any  overt  evidence 
of  cold  injury  to  their  feet.  The  moan  grams  of  foot 
sweat  collected  from  these  patients  for  each  poet-injury 
perio.!  is  shown  in  Table  15.  Data  for  the  91-120  day 
period  were  not  utilized  because  of  tho  mall  size  of  the 
sample.  The  mean  foot-sweat  values  were  however  of  the 
r jne  order  «3  the  61-90  day  period.  The  mean  of  mean 
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values  for  these  eases  was  initially  slightly  higher  than 
that  for  feet  with  first  and  second  degree  frostbite 
(Tables  2,  3»  5,  6)  but  a progressive  increase  free  1-30 
to  61-90  days  still  existed*  The  difference  in  foot- 
sweat  values  between  these  uninjured  right  and  left  feet 
within  each  post-injury  collection  period  were  not  signif- 
icant (*t*  values  ranged  frosa  0.153  to  0.637).  The  sweat 
values  for  each  foot  were  combined  according  to  the  dif- 
ferent post- in  Jury  periods.  In  comparisons  of  foot- 
sweat  valujs  for  ths  different  periods  no  significant 
differences  were  found  (Table  16).  These  data  show  that 
tho  increase  in  foot  sweat  poot-injury  was  not  present  as 
in  tho.  esse  of  feet  injured-  by  cold. 

TAEL’S  16 

foot  rrvr  si?3  co'2rmz?.:s  esixm 
FC3T-i::j.?.T/  TT’ZCZl  C'.’  K!B!JUr.n>  F:.;,r  of 
pate.  a\5  «ira  bo ovarra  o?  trs  haiios 


Drya 

Ho. 

hern  H 

Post- 

of 

r-.cat  cV 

S.O. 

t 

P 

Tn'i-.-i-r 

T-r 

11  Ve 

rrr-„ . . *jz 

serTo.1.*  Aar* 

~nw.j 

■Mrrsaff i»ar»c 

1-3  o 

30 

12.70 

1 2.753 

l.eio 

>.05 

31-60 

30 

13.35 

♦ 2.123 

1-30 

30 

12.70 

15.47 

* 2.753 

1.999 

>.05 

61-90 

14 

♦ 4.830 

31-60 

30 

13.35 

1 2.123 

1.202 

>.20 

61-90 

14 

15.47 

♦ 4.830 

Table  17  shews  the  cos-pariscns  between  the  foot-swat 
values  for  feet  with  frostbite  and  those  for  uninjured  feet 
of  patients  with  frostbite  of  tho  hands.  The  ano  int  of  foot 
sweat  collected  in  these  two  groups  was  not  significantly 


different  except  in  the  31-60  post-injury  period,  where 
less  sweat  was  collected  frcn  the  uninjured  feet. 

TABUS  17 

COTA HJJSOK  OF  FOOT  Sn HAT  HATES  FCR  FATIEiTS  WITH 
FROSTBITTEN  FEET  and  uninjured  feet  of  cases  with  f^ostbitteh 
HANDS  FOR  EACH  POST- INJURY  PERIOD 


Analyses  were  nr.de  of  the  foot-svs.it  data  for  contra- 
lateral uninjured  feot  and  uninjured  fact  of  patients 
with  frostbitten  hands  (Table  13).  The  differences  in 
foot  sweat  between  three  two  groups  of  feet  vara  not 
significant  except  in  the  1-30  pout-ln juiy  ported. 

The  above  analyses  indicated  that  the  feot  (patients 
with  frostbitten  hands)  which  presented  no  overt  evidence 
of  injury  by  cold  had  a scalier  sweat  output  than  frost- 
bitten feet,  which  also  did  not  increase  with  tine  post- 
injury. It  also  must  be  remer.be red  that  these  feet, 
although  not  shearing  evideneo  of  cold  injury,  neverthe- 
less undcr..x*nt  a cold  exposure  which  was  severe  enough 
to  produce  frostbite  of  the  upper  extremity  in  the  same 
subject. 
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TABLE  Id 

COMPARISONS  OF  FOOT  SWEAT  RATES  BETWEEN  PATENTS  WITH 
CONTRALATERAL  UNINJURED  FEET  AND  THE  UNINJURED  FEET  OF  CASES  WITH 
FROSTBITTEN  HANDS  FOR  EACH  POST-INJURI  PERIOD 


Uninjured 
. feet-source 


Hand  Cases 
Feet  Cases* 

1-30 

30 

5 

12.70 

9.93 

~ 2.753 
- 2.602 

2.186 

<.05 

Hand  Cases 
Feet  Cases* 

31-60 

30 

8 

13.85 

14.01 

- 2.128 
- 4.163 

0.105 

>.90 

Hiir.d  Cases 
Foot  Cases* 

61-90 

14 

7 

15.47 

17.21 

♦ 4.830 

♦ 4.025 

0.872 

>.30 

♦Unilateral  frostbite  of  feet,  using  contralateral  uninjured  foot 
10.  Osaka  Controls 

Nocturnal  foot-swat  tteasurcaanio  of  the  Osaka  controls 
yielded  values  for  the  right  end  loft  foot  of  14.0  ar.d 
13*9  grrns  per  11  houro,  respectively  (Ktn  value  of  0.276 
and  a P >.*0).  The  esen  foot  sweat  collected  for  43  feet 
was  14.0  zrcv.o.  In  each  post-injury  period  there  was  a 
flignlfiear.t  difference  in  the  Kean  sweat  values  of  the 
Ot  *'*  controls  and  the  patients  with  frostbite  of  the 
feet  (Table  19).  The  control  subjects  had  a greater 
sweat  output  than  the  1-30  post-injury  period  cases  which 
indicated  the  presence  of  a hypohidrotic  state  in  the 
frostbitten  feet.  After  31  days  port-injury  the  sweat 
output  of  ths  injured  feet  was  significantly  higher  than 
that  of  the  controls.  Th ?refore,  ee-rwhera  botveon  30 
and  60  days  after  injury  the  frostbitten  feet  become 
hyperhidrotic  which  persisted  for  at  least  120  days. 
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Osaka  Controls  48 

vs 

I Frostbitten  1-30  79 

31-60  94 

61-90  70 

91-120  41 


iC.Ol 
<.02 
<•001 
<.02 


Tha  sweat  value  for  the  Osaka  controls  vao  significant! j 
higher  than  tho  value  for  tho  ccntrsl&teral  uninjured  foot 
in  tho  1-30  post-injury  period  (Table  20).  In  tho  31-60 
periled  the  event  values  for  tha  tvn  groups  of  feat  wore 
air  out  identic?.!.  In  tho  61-90  day  poried  the  contralateral 
uninjured  feet  hr.d  a significantly  higher  value  than  tho 
controls.  In  tho  last  post-injury  period  (91-120)  tho  sweat 
values  of  tho  two  groups  vera  ag'.ln  einilar  end  not  signif- 
icantly difforent. 

Comparisons  woro  nado  between  the  foot-sweat  values  for 
the  Osaka  controls  and  tho  uninjured  feet  of  patients  with 
frostbite  of  the  hands  (T&blo  21).  Regardless  of  the  post- 
Injury  period  there  were  no  significant  differences  between 
these  two  groups  of  feet.  It  would  appear  that  tha  cold 
exposure  which  produced  an  injury  of  tho  bends  did  not 
markedly  alter  the  sweating  nechanisn  of  the  subjects  foot 
as  determined  by  this  method. 
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SUL  UNE 

Feet 

Osaka  Controls 

vs 

Uninjured* 

1-30 

31-60 

61-90 

91-120 

H^ntraUterol  I 
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14.  CO 

~ 3.292 

9.93 

1 2.602 

3.233 

<.C0L 

14.01 

.♦  '.163 

0.CC6 

>.90 

17.21 

1 4.025 

2.014 

<.05 

14  .m 

1 2.C-37 

0.632 

>.50 

foot  s:ivr  nm  ccmwsjsws  PEn.Tsi 

OSAKA  OCT.LT.OI.3  /i.O  lUr.WnZD  K A'  CP  PATELS  WITH 

pcosrtnrs  cp  t:s  haixj  fc.t  s*ch  rcsT-ruy-or  rimoo 


Wl 

...  a 


Oc?Jca  Controls 

vs 

Uninjured* 

1-30 

31-60 

61-90 

91-120 

S.D. 

::wctr .srrrr..'.- 

1 3.292 

1 2.753 
12.123 
1 4 830 
1 0.672 


•Patient?  kith  only  frostbite  of  hands 
11.  Knox  Controls 

The  24  Knox  control  subjects  had  a eviat  output  for  the 
ri-V  and  left  foot  of  130  ami  13. 1 grab's  par  LI  hours, 
respectively.  Comparison  of  those  t'.<o  values  gave  a *tB 
of  0.524  and  a P >.60.  The  moan  sweat  collected  for  192 
feet  was  13.2  grars.  Cc-jpirisona  betwson  tho  foot-sweat 
value  for  the  Xnox  controls  and  tho  frostbitten  feet  by 


m 
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post-injury  period  era  shewn  in  Table  22*  The  Knox  con- 
trols had  a significantly  higher  sweat  output  than  the 
frostbite  patients  of  the  1-30  day  post-injury  period 
which  again  indicated  the  presence  of  a hypohldrotic 
state  in  the  frostbitten  feet.  Proa  31  to  120  days  post- 
injury  the  foot-sweat  values  for  the  injured  feet  were  all 
significantly  higher  than  that  for  the  control  fiet. 

These  analyses  imply  that  the  cold  injured  feet  became 
hyperhldrotic  soastlne  between  30  and  60  days  after 
injury.  This  finding  corroborated  the  results  obtained 
using  the  Osaka  controls. 

TAELS  22 

FOOT  S' 7.AT  PJITS  CCIIPARISOWS  KTlILTSS 
KNOX  CC  rTTKLS  AND  P.Vm  :,T3  t.TTH  FECSTDITS  of 
TI3  FtJf  ACCC.LDE.’a  10  FO.'T-IlUim'  F1.U0D 


Knox  Controls 

vs 

Frostbitten 


1-30 

31-60 

61-90 

91-120 


No. 

Keun  Ft  1 

of 

C .*:ftt  gsj 

192 

13.22 

79 

11.56 

94 

15.70 

70 

17.16 

41 

15.97 

♦ 2.351 

1 4.993  2015  <.05 
•X  4.600  4.915  <.001 
± 3.761  0.1C3  <.001 
1 4.031  4.214  <.001 


The  contralateral  uninjured  feet  h?i  a elgniflcontly 
lower  foot-cveat  output  In  the  first  post-injury  period 
as  eccip.ired  to  the  Knox  control  feet  (Table  23).  Raring 
the  31-60  day  period  the  two  groups  of  feet  had  % similar 
sweat  output.  Betwoon  the  60ih  and  90th  day  post-injury 
the  sweat  output  of  the  contralateral  uninjured  feet  was 


significantly  higher  then  that  for  the  control  feet*  No 
significant  difference,  however,  wet  found  between  the 
control  feet  end  the  uninjured  feet  in  the  91-120  day  poet- 
injury  period*  It  would  appear  that  the  cold  exposed 
contralateral  uninjured  feet  underwent  an  alteration  of 
their  sweating  mechanism  that  was  not  as  marked  or  last- 
ing as  In  the  ease  of  froetbitten  feet. 

TABUS  23 

FOOT  SWEAT  RATS  CCirARISCNS  BST.CTSS 

knot  cc'uf.OLs  A'io  oomiUKiAt  f.mrjur.io  CT  OF 
nnmrs  with  a iuhateul  f.-ostbits 


Comparisons  of  feot-evc--.t  values  wide  b-tvusn  the  Knox 
controls  and  uninjured  feet  of  cares  with  frostbit*  of  the 
hands  yielded  no  significant  differences  (Table  2l>).  This 
finding  corroborated  the  results  obtained  ueirg  Osaka 
controls. 

Ccrifw.rlson  between  the  foct-sveat  values  of  the  Osaka 
and  Knox  control  subjects  showed  no  slgni/icart  difference 
("t»  - 1.5U,  P >.10)1 
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TABUS  24 

FOOT  SWEAT  RATS  COMPARISONS  BETVEEM 
KNOX  CONTROLS  A1ID  UNINJURED  FEET  OF  PATIENTS  WITH 
FROSTBITE  OP  THE  HANDS 


Feet 

No. 

of 

JV  't,  . 

Mean  Ft 

Exeat  gsj^ 

,TUh\„ 

S.D. 

t 

P 

Knox  Controls 

192 

13.22 

i 2.381 

vs 

Uninjured*  1-30 

30 

12.70 

4 2.753 

0.979 

>.30 

31-60 

30 

13.85 

* 2.123 

1.433 

>.10 

61-90 

14 

15.47 

! 4.830 

1.728 

>.05 

*Hund  Cat ;s 
12.  Heaeuremanta  of  Skin  Roalatcnce 

Only  the  data  for  patient#  with  a alsdlw  bilateral  degree 
of  severity  vjm  analyzed.  T3w  data  avnilablo  Included  fire 
eocend  d'groo,  four  third  d.-grca  end  five  fourth  dsgrso  pa- 
tients. An  analysis  of  variance  vaa  tide  for  each  degr-e. 
The  train  courcoa  of  variation  vhich  var*  consider;:!  included 
tha  subjects  (s),  the  four  tirs  intervele  post-injury  (T), 
the  two  lcr-ior  extremities  (i’)  end  tha  six  gar.er.jl  arc.aa  of 
the  foot  (?)  as  described  under  Methods  (II  C).  Tha  anal- 
yses for  each  degroe  r«vo.l*d  that  there  Kars  significant 
differences  in  the  chin  resistance  naasurcr.cnto  botv.cen 
tha  subjects,  b.tvern  the  four  tlaa  Intervals  ar.d  between 
the  six  positions  utilised.  The  rngnttvle  of  tho  mean 
squaro  value  of  subjaota  (S)  Indicated  that  the  difference 
in  akin  rcrluUme  fren  ene  patient  to  the  next  greatly 
exceeded  the  differences  resulting  frcci  the  other  factors 
encrirafed.  Th>  interactions  alas  rhov.-.-d  that  the  subjects 
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varied  independently  with  time  end  position.  Because  of 
the  extreme  subject  variability  no  further  comparisons 
were  mads. 

17.  DISCUSSION 

The  over- all  Dean  foot-sweat  output  for  patients  with  first, 
second  end  third  decree  frostbite  was  approximately  of  the  eaaa  magni- 
tude. In  jerry  patients  the  frostbite  lesions  were  confined  to  a single 
toe,  with  the  majority  of  tho  foot  apparently  uninjured.  For  example, 
a patient  right  hnva  a second  decree  losicn  of  the  medial  aspect  of  tho 
great  tea  plus  a first  decree  of  the  distal  third  of  tho  foot  with  the 
iY.rair.dor  of  the  extremity  uninjured.  Likeviso,  a patient  would  have  a 
third  decroo  frostbite  of  the  distal  phalanx  of  tho  firet  and  second 
toon,  and  the  proxir  J.  ti.o-thirds  of  tho  extremity  would  appear  normal. 
Tie  total  ncubor  of  mrsat  glands  of  tho  foot  affected  by  cold  injury  in 
theso  cj.r.ro  must  hive  boon  ciall  «xl  presumably  vould  not  hv/e  altered 
the  ovor-nll  sweat  output  of  the  entire  part.  In  thio  study,  patients 
with  extensive  tiesue  da-jse  were  not  separated  on  the  basis  of  area 
involve"  :r.b  from  those  eases  of  like  degree  who  had  little  tissue  in- 
volve riant.  The  grouping  of  cases  on  the  beeie  of  degree  of  severity 
but  not  taking  into  account  area  involvement  nay  hare  masked  altera- 
tions in  foot-cveat  output  hence  the  similar  values  for  all  three 
degrees  of  injury. 

The  finding  that  frostbitten  and  uninjured  feat  of  a single 
patient  hid  essentially  tho  e man  n >;.at  output  right  also  be  a 
reflection  of  the  fiall  number  of  sweat  glords  injured  by  cold. 

The  plantar  surface  of  tho  foot  contains  nny  sweat  glands 
which  prirurlly  respond  to  emotional  stimuli.  Tho  dorsux  of  the  foot 
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is  supplied  'with  fewer  sweat  glands  which  respond  primarily  to  heat 
stimulation  (9)«  It  is  recognised  that  psychic  Influences,  being 
uncontrolled  in  this  study,  could  have  influenced  the  sweat  measure- 
ments of  all  the  subjects.  No  attempt  was  made  to  evaluate  the 
influence  of  the  emotional  factors. 

The  lack  of  significant  differences  in  foot-sueat  output 
between  the  White  and  Negro  patients  was  interesting  in  view  of  Clark* s 
and  Ihamon’s  (10)  sweat  gland  counts  of  the  skin  of  the  planner  sur- 
face of  the  foot  and  the  palmar  surface  of  the  hand  for  these  two 
races.  It  appears  that  although  there  is  a difference  in  the  number 
of  sweat  glcnds  present  in  the  feet  of  the  United  States  White  and 
Negro  races,  thin  difference  may  not  be  great  enough  to  produce  sig- 
nificant variations  of  foot-sweat  output  as  measured  by  the  method 
employed  In  this  study. 

The  Innervation  of  the  sweat  glands  is  well  known.  They  are 
supplied  by  nerve  fibers  which  are  sympathetic  in  structure  but 
cholinergic  in  action.  The  sympathetic  fibers  to  the  sweat  glands 
of  the  lower  extremities  arise  frea  the  thoracic  and  upper  lumbar 
segments.  A bilateral  lumbar  sympathectomy  performed  for  hyper- 
hidrosls  of  the  feet  usually  results  in  a less  of  sweating  in  the 
lower  extremities. 

In  this  study  of  frostbite  the  presence  of  a trie  .anhidrotic 
phase  was  not  clearly  defined  since  no  conclusions  could  be  made  on 
the  b.\3ls  of  fivo  anhidrotic  patients  (see  III  A).  These  five  pa- 
tients may  represent  the  extreme.  In  first,  second  and  third  degree 
frostbite  there  nay  be  direct  damage  to  the  sweat  glands  by  cold,  but  a 
d-v  re  a a ion  of  activity  in  the  local  sympathetic  nervous  cyate.c  within  the 


foot  Itself  aeons  a no  re  feasible  explanation.  This  depression  of 
sympathetic  activity  resulting  frca  cold  causes  a reduction  In  foot- 
sweet  output  which  lasts  for  at  least  30  days  after  injury.  The 
■echanlsa  of  the  depression  nay  be  s Idler  to  that  exerted  by  a sym- 
pathetic procaine  clock.  The  progressive  increase  In  sweat  output 
front  31  to  90  days  after  injury  eight  represent  a rebound  phenaaenon 
In  the  sympathetic  activity  either  through  a release  of,  or  recovery 
fren,  the  earlier  depressant  effect  of  cold.  It  would  appear  that 
In  first,  second  and  third  degree  frostbite  of  tho  feet,  even  though 
the  sweat  gland  night  not  be'  deseged  by  cold,  tho  activity  of  the 
sympathetic  innanratior.  of  the  gUnd  night  have  boon  altered.  Aini-lar 
alterations,  but  to  a lessor  extent,  ware  indicated  in  the  foot-sweat 
rates  of  eontralatoral  uninjured  feet  of  patients  with  unilateral 
frostbite  43 «d  uninjured  feet  of  cases  with  frostbitten  herds.  In  the 
terror  group  the  effect  of  the  cold  on  thj  feet  was  undoubtedly  *»r* 
prc.icrncsd  thn  in  ths  latter  group  since  one  foot  of  tho  subject  was 
frostbitten.  In  tho  latter  group,  with  bilaterally  unlnjurod  feet, 
the  sveat  rates  roro  nearly  appro'd/..*.tod  the  values  of  the  control 
subject  than  tho  values  for  frostbitten  feet  or  those  of  contralateral 
unlnjurod  feet. 

On  the  basis  of  ewpirisen  of  the  rxan  fooV-evsat  values  for 
the  controls  and  the  frostbite  patients  it  would  apoo.rr  th»t  a ctata 
of  byperhidrosla  of  tha  frostbitten  foot  develops  ac-?vhere  between 
the  30th  and  doth  day  after  injury.  Ho-./  lorg  beyond  120  days  post- 
injury  this  hyporhldrotic  state  persists  has  not  born  determined  yet. 
This  state  of  hyperhldrosle  waa  present  In  all  throe  degrees  of  frost- 
bite and  to  a lesser  extent  in  tho  cold  exposed  but  uninjured  feet. 
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Although  a true  state  of  anhidrosis  was  not  established  for  the  majority 
of  the  patients  studied,  the  early  foot-sveat  values  when  compared  to 
those  of  the  Osaka  and  Knox  controls  showed  a significant  degree  of 
hypohidrosis.  This  would  suggest  that  very  early  after  injury  anhid- 
rosis night  be  present. 

The  Osaka  controls  approached  the  frostbite  patients  as  a simi- 
lar population  In  that  they  also  were  hospitalized  and  were  semi- 
ambulatory,  although  the  relative  degree  of  ambulation  between  the  two 
groups  was  difficult  to  deter, nine.  The  fort  Knox  controls  more  nearly 
satisfy  the  criteria  for  a truly  normal  population.  In  this  latter 
group,  however,  rigid  restriction  of  activity  to  the  degree  encountered 
among  the  frostbite  patients  was  not  raintainod  except  during  the  test 
hours.  Assuming  that  aty  difference  in  activity  between  tho  two  groups 
was  small  it  appears  that  tho  hyperactivity  of  the  sweat  glande  in  the 
feet  of  tho  fvostbito  cases  was  real. 

Skin  resistance  measurements  vsro  made  in  an  attempt  to  provide 
additional  objective  evidcnco  of  tho  degree  of  hyperactivity  of  tho 
eweat  glands.  Tho  measurement  of  skin  resistance  ray  bo  an  indication 
of  the  amount  of  underlying  sweat  gland  activity  only  for  the  immediate 
area  to  which  the  electrode  is  applied.  Sc-.e  of  tho  inherent  diffi- 
culties In  using  the  dorr.crsetcr  were:  the  exploring  electrode  was 

sensitive  to  manual  pressure,  rotation  of  the  axis  of  the  electrode  on 
a given  point  resulted  in  different  values  and  tho  repeated  placing  of 
tho  electrode  cn  a givsn  point  resulted  in  different  values  of  skin 
resistance.  To  minimize  these  errors  only  one  technician  took  the 
measurements  throughout  the  study.  Thi3  technician  attempted  to  use 
tho  same  degree  of  pressure  on  all  points  keeping  the  axis  of  the 
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electrode  constant  frees  point  to  point*  Because  of  the  above  technical 
difficulties  and  the  extreme  variability  of  the  skin  resistance  data  as 
shown  in  an  analysis  of  variance  of  the  different  factors,  it  was  con- 
cluded that  such  measurements  by  this  technique  were  not  of  value  In 
this  study* 

?.  stn-yxxt  aw  conclusion's  ■ 

Results  of  the  Kinor  Starch-Iodine  test  on  78  patients,  five  of 
whoa  were  initially  anhidrotic  were  reported*  Foot-sweat  meaeurenont 
studies  were  presented  for  first,  second  and  third  degreo  frostbite 
patients.  Caanarisons  were  r.?.do  auong  patients  having  frostbite  of  ono 
foot  and  no  involver.unt  of  the  othor  foot  and  cases  with  uninjured  feet 
but  frostbitten  hands.  The  results  of  foot- eve  it  dotcraiimtions  on  A3 
controls  wore  discussed.  The  relationship  betrjin  extent  of  area  of 
tisoui  drrage,  irrespective  of  clinical  degree  of  frostbite,  ard  altora- 
tiens  in  rveat  output  vns  discussed.  The  factor  of  racial  differences 
in  svaat  output  vas  conridoitJ.  Results  of  s’cia  resistance  studios  on 
second,  third  and  fourth  dvjrse  patients  wore  discussed. 

The  conclusions  of  this  study  varo  as  follows! 

1)  The  sweat  output  for  the  right  rnd  left  foot  of  all  sub- 
jects was  not  significantly  different. 

2)  The  amount  of  fcot  sweat  collected  v?.s  not  significantly 
alter:!  by  the  do.'jree  of  frostbite. 

3)  Tho  foot-aveat  rates  for  frostbitten  feet  varied  directly 
frc.i  tiu  post-injury  up  to  70  days. 

A)  Tho  divrnal  foot-sweat  rates  for  frostbitten  feet  were 
higher  than  the  nceturr.nl  measurements. 
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5)  The  foot-sweat  measurements  for  White  and  Negro  patients  * 

were  not  significantly  different. 

6)  The  foot-sweat  measurements  for  patients  with  bilateral 
frostbite  and  patients  with  contralateral  uninjured  feet 

* \ 

were  not  significantly  different. 

7)  When  compared  to  the  Osaka  and  Knox  controls  the  frosfc- 

l bitten  feet  vcro  liypohidrohic  for  the  first  30  days  after 

, * 'iik, 

| injury  and  hyporhidrotie  frca  31  days  to  at  least  120 

• (" ) days. 

vi.  pnx::;;  ht-twhs 

• It  is  record-ceded  that  future  studies  of  ths  nechcnisr  of  sweat-  — 

i f, 

lug  following  a cold  injury  should  dsterainei 

; 1.  Tho  extent  to  which  eve  at  glar.ds  say  be  damaged  and  the  ’•] 

' rata  of  recovery  of  secretory  activity  for  tho  different 


« 


( 
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degrees  of  frostbite. 

2.  Tho  relation: hip  botv-en  .*.jrpathetic  nerve  injury  and 
alterations  in  sweat  gland  activity  fer  all  degrees  of 
frostbito. 

3.  Tho  effect  of  vapor  terriers  in  relation  to  suppression 
and/or  reabjorptlon  of  sweat. 
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COLD  STRESS  STUDIES  ON  POST- FROSTBITE  PATIENTS 
PART  Ii  Skin  Color  Changes 


I.  INTRODUCTION 

It  has  been  noted  in  the  past  that  patients  who  had  sustained 
injury  of  their  extre-mities  due  to  cold  were  thereafter  abnormally 
sensitive  to  re-exposure  to  low  ambient  temperatures.  This  series  of 
observations  was  undertaken  to  study  and  record  the  objective  changes 
in  the  skin  of  a previously  frostbitten  extremity  when  that  extremity 
was  exposed  to  low  environs:  .ital  temperatures,  and  to  observe  the 
effect  of  various  sympatholytic  agents  on  these  changes. 

II.  FKTKOOS 

The  study  group  was  comprised  of  72  United  States  soldiers  who 
had  Incurred  a frostbite  injury  b:tw»cn  23  November  and  20  December 
1951.  From  the  tir:o  of  initial  evacuation  until  the  initiation  of  the 
cold  stress  studies  the  patients  were  confined  to  tho  environment  of  a 
hospital  ward,  -there  thi  t,  blent  temperature  ranged  betweon  70*  and 
73*  F.  All  subjects  were  ambulatory  and  their  frostbite  lesions  were 
healed,  in  that  intact  viable  okin  covered  the  former  sites  of  frost- 
bite. The  ages  of  the  test  patients  ranged  from  18  tc  26  years.  The 
length  of  hospitalization  for  the  members  of  tho  study  groups  as  of 
16  January  1952  ranged  from  30  to  50  days.  Seventy-two  patients  were 
observed  between  16  January  1952  and  15  April  1952  for  .a  total  of  325 

exposures  tc  an  enviro-'-jntal  te  peratvro  of  50*  F.  Of  tho  72  patients, 

* 

33  were  Caucasian,  35  Negro,  and  four  Puerto  Rican  or  Katin  American. 

For  technical  reasons  these  have  been  combined  into  two  groups,  non— 
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pigmented  (Caucasians)  and  pigsented  (Negroes  plus  Puerto  Ricans  and 
Latin  Americans).  The  distribution  of  these  two  groups  according  to 
site  and  maximum  degree  of  injury  is  shown  in  Tables  1 and  2* 

TABUS  1 

DISTRIBUTION  OP  33  NON-FICMKiTED  PROSTBITS  PATIENTS 
V2TH  RESPECT  TO  SHE  AM)  HAXDfUN  BSGSiS  07  INJUR! 


Feet  - 26  Pitji-nts  irnd  - 7 Patients 

!!o.  of  ligits  i.'o.  of"  Ti.o.  of  Digits 
Tn^lurrj  by  Portra  Patients  1 Tn.lnrod  by  P.rnree 


No  Injury 
Piret 
Second 
Third 


TAKIE  2 

DBfPJLUi'IC.I  CP  39  P»rn:.0  0.-TCET3  lV,Tr  !Y3  KITH 

inspect  to  sns  a»:d  nv_r.-  .i  t;;;.: ; c?  iwinx 


These  patients  after  being  exposed  for  the  first  tine  when  the 
lesions  were  covered  by  new  intact  viable  skin,  wore  re-exposed  to  the 
cold  at  intervals  of  5 to  1L  days  for  the  duration  of  their  hospital- 
ization. The  cold  exposure  obswrvations  ranged  from  3 to  20  weeks 
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post-injury.  Some  patients  were  exposed  only  once  while  others  under- 
went 12  to  1U  exposures. 

The  patients  were  clad  in  cotton  pajamas  and  were  placed  supine 
on  stretchers  padded  by  two  folded  blankets  (eight  layers)  and  a sheet. 
They  were  covered  by  a single  sheet  and  a single  blanket  fra*  their 
chins  to  midway  between  the  knee  and  ankle.  Those  having  had  frost- 
bite of  the  hands  also  had  their  arms  (from  the  shoulder  down)  out- 
side of  the  blanket,  with  their  pajama  sleeves  extending  to  the  middle 
of  the  forearms.  Feet  as  well  as  hands  were  observed  in  these  cases. 
All  subjects  were  allowed  to  equilibrate  at  a room  temperature  of  66* 
to  77*  F.  for  one  hour.  They  were  transferred  then  to  a constant 
temperature  room  previously  stabilized  at  W to  52*  F.  and  left  there 
for  1-1/2  hours.  Following  the  cold  exposure  the  subjects  were  re- 
turned to  the  pretest  environment  and  observed  for  three  additional 
hours.  Observations  included: 

1)  Clinical  observations  with'  respect  to  the  type  and 
degree  of  color  change  noted  in  each  digit. 

2)  Oral  temperatures  Just  pr'or  to  entering  cold  room. 

3)  Oral  temperaturos  Just  prior  to  leaving  cold  roots. 

U)  Oral  temperatures  1-3/2  hours  after  leaving  cold  room. 

The  color  observations  during  room  temperature  exposure  were 
made  in  indirect  sunlight  and  during  the  cold  exposure  artificial 
light  was  employed.  Subjective  sensations  were  rocordod  only  when 
they  were  mentioned  spontaneously  by  the  patient.  It  should  be 
mentioned  that  observations  on  the  darker  pigmented  patients  were, 
necessarily,  restricted  by  the  pigp.ont,  but  frequently  »roas  of  do- 
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pigmentation  were  present  at  sites  of  previous  lesions,  facilitating 
observation.  Subjects  were  kept  supine  throughout  the  procedure  and 
were  transported  to  and  frca  the  cold  rooa  on  the  uae  stretcher  on 
which  they  lay  during  the  entire  tine.  All  observations  of  color 
changes  were  cade  by  the  saoo  observer. 

In  an  attempt  to  standardise  the  classification  of  clinical  re- 
sponse to  cold  as  observed,  an  arbitrary  gradation  of  color  change  was 
used  in  tho  results  to  be  describsd  below.  Thi-ee  types  of  discoloration 
wore  noted;  pallor,  cyanosis  and  a color  considered  to  be  a combination 
of  pallor  and  cyanosis  and  designated  as  graynosa.  Since  all  three 
of  these  were  bolioved  to  he  evidence  of  vasospasa  in  me  or  another 
portion  of  the  pre-capillary  or  poet-capillary  vascular  tree,  they 
were  considered  together  in  the  analysis  as  simply  deviations  froa  the 
normal  pink  color  of  wall  vasculariccd  c-'-JLn.  The  color  deviations 
wcro  then  broken  dcr.m  into  thrao  groupings  according  to  severity  of 
response,  i.e.  aild,  moderate  or  marked,  and  were  further  broken  down 
according  to  tho  exposure  tixe  r.  see  scary  to  bring  about  that  change. 

The  gradation  in  •Vaximra  test  color*  response  can  therefore  be  defined 
as  follows,  in  what  was  considered  declining  order  of  severity* 

1)  Marked  color  deviation  occurring  during  first  half  hour 
of  exposure. 

2)  Marked  color  deviation  during  second  half  hour  of  ex- 
posure. 

3)  Marked  color  deviation  during  last  half  hour  of  ex- 
posure. 

U)  Moderate  color  deviation  during  first  half  hour. 


5)  Moderate  color  deviation  during  second  half  hour. 

6)  Moderate  color  deviation  during  last  half  hour. 

7)  Slight  color  deviation  during  first  half  hour. 

8)  Slight  color  deviation  during  second  half  hour. 

9)  Slight  color  deviation  during  last  half  hour. 

10)  No  color  deviation  from  pink  or  flushed. 

When  data  were  snail  in  number  of  cases  or  when  the  time  factor 
had  to  be  omitted,  as  with  evaluation  of  drugs  given  after  the  patient 
had  ontered  the  cold  room,  groups  1,  2 ar.d  3 were  combined  as  simple 
%arkea  deviation",  groups  U,  5 and  6 as  %oderate  deviation"  and 
groups  7,  8 and  9 were  combined  as  "slight  deviation".  Croup  10 
formed  the  fourth  category  of  "no  change". 

Technical  difficulties  encountered  in  the  performance  of  the 
cold  stress  studies  included: 

. 1)  Difficulty  in  mixing  the  air  in  the  test  chamber  to  avoid 

local  temperature  variations  without  encountering  the 
factor  of  increased  windchill  in  certain  areas. 

2)  Difficulty  in  obtaining  optimal  lighting  conditions  for 
evaluation  of  skin  color  without  producing  excessive  heat- 
ing of  the  room  (fluorescent  lighting  is  not  desirable 
because  of  the  durk/  hue  it  imparts  to  normally  pink  skin 
and  mucous  membrane j. 

3)  The  obvious  human  error  of  grading  color  change  was  not 
a small  one.  It  would  fce  advantageous  to  have  a more 
objective  method. 

In  addition  to  the  control  observations  (co’d  ex: ■ enure  obser- 
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vatior.s  uninfluenced  by  drugs  or  sympathetic  blocks)  randomly  selected 
patients  were  given  either  Intravenous  injections  of  priaeoline,  hexa- 
ne the  niun  or  a unilateral  lumbar  sympathetic  block  just  prior  to  en- 
tering the  cold  chamber.  One  of  these  drugs  or  the  sympathetic  block 
was  used  to  produce  vasodilatation  and  possibly  altar  the  pattern  of 
skin  changes.  A group  of  11  pationts  was  given  a 25  day  course  of 
hexomethonlus  in  the  dose  of  50  mga.  intramuscularly  every  6 hours. 
They  were  observed  in  the  cold  room  on  a control  run  immediately  prior 
to  onset  of  therapy,  twice  during  the  course  of  therapy  and,  when 
possible,  a wack  after  cessation  of  therapy.  Another  group  of  11 
pationts  was  similarly  observe  'luring  a 25  day  course  of  prlscoline 
(50  jbjjs.)  administered  orally  four  tir.as  a day.  Every  determination 
was  done  during  the  seas  hours  of  the  day  (0730  to  1430)  and  with 
the  sare  relation  to  coals.  Fach  to  it  subject  \~s  restricted  to  the 
hospital  after  17C0  hours  the  day  prior  to  teafcirg.  The  mriber  of 
cigarettes  sacked  by  the  pnti”it  prior  to  testing  *as  not  restricted 
but  that  nur.ber  was  recorded,  t'o  sno! cirg  was  permitted  during  the 
procedure  or  the  equilibration  period  bnt ore  cr  after  the  procedure. 
Movement  of  the  extremities  and  body  \rj  the  patient  was  strongly  and 
consistently  discouraged  during  tho  test  procedure,  but  could  not  be 
universally  prevented. 

III.  ir.-VJI.T3 

Of  tho  325  dvjtomi  nations  analyzed,  149  vers  controls,  30  were 
deter.nir. ? t ions  influenced  by  unilateral  lu-.tar  5;:.pithctic  blocks,  80 
ware  determinations  in  which  hcxascthc-*.i’.za  was  u::d  end  66  were  de- 
terminations in  -.(filch  prircoline  was  employed.  Tasso  will  be  evaluated 
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separately. 

A.  General  < 

Pain  was  a relatively  insignificant  corollary  of  the  ex- 
posure to  cold.  Many  patients  only  complained  of  pain  when 
. specifically  questioned.  Their  discomfort  usually  was  mani- 
fested as  a sensation  of  general  aching  or  paresthesias 
("tingling"  or  "needles  and  pins")  of  a digit  or  of  the  entire 
distal  portion  of  at  extremity.  On  the  other  hand,  pain  was 
sufficiently  severe  to  cause  a spontaneous  unelicited  coo- 
plaint  from  2U  of  the  72  patients  and  during  only  36  pro- 
cedures of  the  325.  Wh-n  discomfort  was  mentioned  by  the 
patient,  however,  a highly  significant  relationship  was 
demonstrable  between  the  location  of  the  pain  and  the  severity 
of  color  deviation  at  that  site.  Table  3 shows  this  relation- 
ship by  comparing  the  color  deviation  of  the  digits  causing 
pain  with  the  color  deviations  of  the  remaining  digits  on  the 
same  or  opposite  extremity  of  the  same  patient  during  the  same 
tost  procedure.  It  is  worthy  of  note,  however,  that  digits 
without  obvious  color  change  were  painful. 

TABLE  3 


COMPARISON  OF  MWCL’iUM  COLOR  R.T3P0RS3  WITH  PAH 
I?1  DIGITS  ICJL'CR  COID  STRESS 


* 


Maxitr.-n  Color 

Total 

rii'its 

Digits  with 
Polo 

Dibits  without 
Tain* 

• !o  n "T^ 

• ^ 

. ..  ^ . 

9/  _ 

"'SllphC 

ol 

t-o 

. 31 

! \r.  'i  c ri  fc  *i 

5-3 

...  yi 

16 

"7 

..  35 

2 

TOTAL 

160 

TU  " 

chi  squaro  “ AS. 7777 
P <.01 

r Digits  in  the  r.-.-.o  patient  who  complained  spontaneously  of 
o.'in  in  other  dibits. 


n.y»  * nrrfT+V 


Slilltfly,  * definite  relationship  wa*  established  between 
th«  severity  of  injury  of  the  digit  and  tbo  site  of  pain. 

In  other  words,  when  a digit  caused  pain  on  exposure  to  cold. 
It  was  acre  apt  to  hare  been  previously  involved  in  third 
degree  frostbite  than  in  second  degree,  and  more  apt  to  have 
been  second  degree  than  first  degree  or  uninjured.  This  is 
shown  in  Table  4.  Zt  is  to  bo  noted  again,  however,  that 
27  digits  that  were  uninjured  were  painful.  It  is  believed 
that  these  uninjured  digits  causing  pain  and  the  previously 
■entioned  painful  digits  showing  no  color  change  can  be 
easily  explained  by  the  poor  localisation  of  pain  by  the 


patient. 


TABUS  4 


CC2/31SC :i  c?  e?S£;ci  o?  ly.osTBrrE  kith  paw 
El  DIGITS  COLD  STRESS 


E:^v:a  of  i let  of  | limits  t.-ith  titbit a without 
to »_T'  • it? .1 £■'  in J Rtin* 

VT.-'V' — «'•>  ~~t  ~-J'i  ~ l ~ *6 

•'  r rm  \ si 

I < ) j A " " | 19 

*VhirT"~-:’C3  *1 19  17 2 

~il  I -j  V3  Vj  I ' 171 

chi  souiro  • 7.15G3 

P <.01 

» Digits  in  the  scxo  patient  who  complained  spontaneously 
of  psln  in  other  digits. 

**  Non-injursd  digits  in  frostbitten  subjects. 

When  the  patient  complained  that  the  entire  foot  and  all  tows 

ached,  this  was  recorded  as  pain  in  all  digits  - thereby 

occasionally  including  nerv- injured  and  non- cyanotic  digits 

together  with  the  injured  and  cyanotic  ones.  In  spite  of 
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this  error,  the  figures  proved  to  be  significant  when  sub- 
jected to  the  chi  square  test. 

B.  Control  Determinations 

Of  the  149  control  procedures,  14  determinations  were  made 
on  the  hands  of  son-pigmented  patients,  48  on  the  feet  of 
eon-pigmented  patients,  24  on  the  hands  of  pigmented  patients 
and  63  on  the  feet  of  pigsented  patients.  Those  control 
observations  were  interspersed  between  determinations  using 
■ various  drugs  and  procedures,  and  they  represent  a follow- 
• up  of  certain  patients  over  the  entire  period  of  the  13  weeks 
during  which  these  tests  were  performed.  The  tests  were 
performed  frcrn  3 to  20  weeks  post-frostbite  with  a mean  of 
10.1  ♦ 3.2  weeks.  There  was  no  correlation  between  the 
severity  of  color  change  and  the  tiro  poat-frostbite  at 
which  the  procedure  was  performed. 

Data  were  obtair.sd  on  112  procedures  regarding  the  number 
of  cigarettes  smoked  during  tho  period  of  tima  between  the 
hour  at  which  the  patient  arose  and  the  time  of  the  test. 

The  range  of  cigarettes  saokod  was  from  zero  to  five  cigars 
ettes,  with  97  of  the  112  (or  87^)  having  smoked  two  cigar» 
ettes  or  less.  Ho  correlation  was  established  between  the 
number  of  cigarettes  smoked  prior  to  testing  either  for  the 
pigmented  and  non-pigsented  groups  or  the  severity  of  the 
color  response  to  cold. 

In  order  to  correlate  tho  degree  of  frostbite  with  the 
severity  cf  color  response  to  cold,  the  control  data  were 
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selectively  analyzed.  Since,  ae  mentioned  before,  the  un- 
injured digits  were  difficult  to  evaluate  la  the  pigmented 
patient  (previously  injured  digits  had  depigaented  areas 
whereas  the  uninjured  digits  had  no  such  areas),  these 
patients  were  excluded  from  this  evaluation.  Sines  there 
were  too  few  hand  cases  in  the  noo-plgaentod  group  to  he 
analyzed  alone,  these  were  also  discarded  from  this  analysis. 
Instead,  the  data  obtained  from  observing  the  feet  of  these 
hand  cases  ware  added  to  that  obtained  from  the  nen-pignented . 
foot  cases  in  order  to  Increase  the  number  of  uninjured  digits 
analyzed.  Thus  the  analysis  was  of  tho  feet  of  52  no n- 
piC.onted  patients  and  thereby  included  629  individual  digits 
varying  in  dogres  of  injury  frcri  none  to  third  degree.  Thors 
was  no  eignificar.t  coivalation  demonstrated  between  degree 
of  injury  and  so  verity  of  color  rooponcs  in  the  third,  fourth 
arid  fifth  digits.  This  is  rcc.dily  explainable  if  it  is  noted 
that  almost  all  of  those  digits  wore  uninjured  or  had  sus- 
tained only  first  degres  lesions.  Only  11  of  thes«  37 2 digits 
had  had  second  degree  lesions,  and  only  two  had  had  third 
degree  lesions.  Furthermore,  since  thsse  minimally  injured 
digits  were,  in  rwury  cases,  on  the  sane  extremity  with  more 
severe  lesions,  little  attention  was  given  to  them,  and  the 
distinction  between  first  degree  frostbite  and  no  frostbite 
at  all  was  questionable  in  many  instances.  Thus,  toe  lack 
of  correlation  is  not  unexpected.  On  the  other  hand,  the 
first  and  second  toes,  which  were  the  pore  severly  frostbitten 


digits,  showed  a highly  significant  correlation  between  the 
degree  of  injury  and  the  severity  of  color  response  to  cold 
as  demonstrated  in  Table  5* 

TABLE  5 


CORRELATION  ESnVSHW  DECREE  OF  FROSTBITE  AND  MAXIMUM 
COLOR  RESPONSE  OF  DIGITS  UNDER  COLD  STRESS* 


Degree  of  Frostbite 

Total 

Digits 

Maxlirra  Color  Rosoonse  1 

Great  Toes 

Ho  Inlurv** 

32 

Digit 3 
with 
no 

Chan*M.. 

Digits 

with 

Slight 

Chm~o 

Digits 
with 
Moderate 
O’ an r a 

Digits 

with 

Harked 

Chvnre 

a 

10  I 13 

1 

First  TV  ryes 

-34 

4 

13  1 13 

4 

E)corri  »'  *r«9 

- 35 

2 

fi  1 10 

15 

Third  C’^rua 

23 

3 

_ 3 r~  ? 

f> 

Total 

124 

ta 

56  1 43 

2J 

Coefficient  of  Correlation  * 0.3010  ! 

P <.01  | 

Second  Teas 

Ho  Injury** 

54 

30 

22 

2 

0 

first  ["tcj 

/•6 

14 

20 

a 

4 

£':Co*fi  L ’*m 

12 

- 5 _ 

o 

4 

3 

Third  Dvy><s 

12 

1 

5 

3 

3 

Total  1 124  1 50  * 47  » 17  1 10 

Coefficient  of  Correlation  * 0.4343 
P <.01 

* White  patients  - control  determinations  only 
**  Hen-injured  digits  in  frostbitten  subjects 


C.  Lumbar  Sympathetic  Block 

Thirty  unilateral  lumbar  sympathetic  blocks  wero  performed 
on  27  patients,  blocking  the  sympathetic  ganglia  at  L-l  and 
L-2  with  a combination  of  procaine  and  pontocaine.  Three  of 
these  were  considered  unsuccessful  blocks  in  that  they  failed 
to  produce  the  expected  warming  and  drying  of  the  blocked 
extremity,  and  repetition  of  the  block  on  tho  same  individual 
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was  more  satisfactory  at  a sub sequent  date.  All  blocks 
were  performed  fraa  5 to  20  minutes  prior  to  entering  the 
test  chaster.  Of  the  27  successful  blocks,  12  were  of  the 
right  and  15  were  of  the  left  luubar  sympathetic  chain. 
Eleven  were  perforated  on  ooa-pigaented  patients,  and  16 
were  performed  on  pigs  anted  patients.  Three  of  the  pa- 
tients shevsd  no  significant  color  response  to  cold  during 
thoir  control  teat,  so  could  not  be  oxpccted  to  derive 
benefit  in  tJiat  respect  from  the  block.  Tablo  6 compares 
the  maxima;.  color  changes  of  the  remaining  26  cases  during 
control  determinations  with  the  cnxirxi  color  rasponso 
that  developed  in  the  blocked  extremity  during  exposure 
to  cold.  It  should  bo  noted  that  in  all  cases  but  one 
in  viiich  a color  change  occurred,  it  too’:  place  during 
thj  last  half  fccur  of  oxpo^vro.  It  was  quite  likely  that 
eoca  of  these  occurred  after  tho  effective  period  of  the 
sympathetic  block.  In  opite  of  this  possible  error,  tho 
statistics  reclined  highly  significant  when  subjected  to 
the  *t*  test. 

A significant  cido  effect  of  the  vasodilatation  which  oc- 
curred in  an  extremity  during  sympathetic  block  is  demon- 
strated in  Table  7«  It  cerperoe  the  change  in  oral  temper- 
aturs  (difference  between  pretest  oral  temperature  and  oral 
tr -peraturo  taken  Just  prior  to  leaving  tho  cold  room) 
that  occurred  in  control  determinations  with  that  which 
occurred  when  a lumbar  sympathetic  block  was  performed 
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TABLE  6 


COMPARISON  OF  COLOR  RESPONSE  TO  COLD  STRESS  WITH  AND 
WITHOUT  A LUMBAR  SYMPATHETIC  BLOCK 


Maximum  Color  Response* 

Total 

Patient 

Tests 

Control** 

Blocked 

ftstromitv*** 

(during  lot  half  hour  (li 

0 

0 

0 

Marked  Chance  (durir."  2nd  half  hour  (2) 

7 

T 

0 

(during  3rd  half  hour  (3) 

6 

4 

2 

(during  lot  half  hour  (A) 

0 

0 

0 

Moderate  Change  ICcTir.*  2nJ  hnlf  hcw..(5) 
(dur5.r*^  3rd  Ir.l.f  hour  (6j 

4 

l 

0 

11 

4 

7 

(dor.lr,'’_lst  half  bcur  (7) 

2 

i 

1 

Slight  Change  (dering  frd  half  hoar _ (o ,) 

0 

0 

0 

(during  3rd  half  hour  (9* 

8 

X 

4 

No  Chance  (lO) 

10 

0 

10 

Total 

A3 

a 

24 

Mean  Maximum  Color  Response 

fe&fe 

Ch.-n.go) 

8.0  23.3 

(Slignt 

t - 4.7302 
P <.01 

* Hoot  narked  color  change  among  all  digits  of  a given  patient  irrespective 
of  degree  of  injury. 

**  Control  determinations  on  o?ae  patients  on  different  days. 

«*  Block  performed  on  sac  a extremity  as  that  showing  maximum  change  during 
control  observation. 


Just  before  the  patient  entered  the  cold  rooo.  This  phe- 
nomenon of  differences  in  oral  temperatures  was  to  be  ex- 
pected since  there  was  an  interference  with  the  nonaal 
temperature  regulating  apparatus  which  caused  a loss  of  the 
heat-conserving  vasoconstrictive  ability  of  the  blocked 
lower  extremity. 

It  is  apparent  freo  these  results  that  the  sympathetic 
nervous  system  is,  in  some  way,  involved  in  the  local  pathophy- 
siological response  to  cold  that  is  exhibited  by  a previously 
frostbitten  digit.  The  exact  relationship  remains  obscure. 


temperature  of  the  blood  vessels,  would  prevent  the 
cold  stimulus  from  becoming  effective* 

2)  Another  possibility  is  ♦Hat  the  vessels  injured  by 
frostbite  are  hypersensitive  not  to  cold  but  to 
Impulses  from  the  sympathetic  nervous  system  regard- 
less of  their  exciting  stimulus.  This  would  explain, 
in  addition  to  the  reaction  induced  by  cold,  the 
abnormal  color  changes  In  the  digits  which  accompany 
strong  emotion  or  dependency. 

D.  Hexane thoniua 

Hexamethohium  was  studied  in  three  different  ways  in  an 
attempt  to  evaluate  its  ability  to  change  the  skin  color 
response  «f  digits  to  cold  in  the  post-frostbite  patient. 
Theso  three  studies  will  be  considered  separately. 

1.  Hexane thonium  Prior  to  Cold  Exposure 

Thirty-two  determinations  ware  performed  on  29  patients 
of  whoa  14  wore  hon-pigsented  end  15  pigmented.  Five 
were  hand  cases  and  24  were  foot  cases.  All  but  three 
of  these  received  50  mga.  of  the  drug  intravenously 
within  5 minutes  before  entering  the  test  chamber.  In 
these  three  instances,  75  m#n.  wore  used  on  a subsequent 
occasion  after  50  mgm.  failed  to  produce  the  expected 
response.  Of  the  29  patients,  four  showed  no  color 
deviation  on  control  procedures,  so  could  not  be  ex- 
pected to  benefit  with  respect  to  color  changes  by  the 
drug.  In  Table  8 i3  demonstrated  tho  highly  significant 
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difference  between  the  color  change  these  25  patients 
showed  when  hexamethonium  was  given  prior  to  the  cold 
exposure  and  the  color  change  the  same  patients  ex- 
hibited during  a control  determination. 

TABLE  8 

aaSPAHISON  c?  H2XAKZTKC1ICM  (PR5-EXF0SUIZ* *)  WITH  CONTROL 

determinations  m sggard  to  color  response  to  cold  stress 


Maximum  Color  R&cponss*-* 


Total 

Patient  Control#** *** 
Tcrts 


Moderate  Change 


Slight  ChtL  je 


■b;  U ’ -I 


*'t  t'lf 


rO'A  21 


n ;iaj±-ras  Color  Response 


k.8  12.U  1 9.3  H.9 


* Keicra  to  therapy  given  intravenously  within  5 minutes  before  entering 
cold  roc43. 

*»  rfaxtuv ,i  color  response  refers  to  the  n:03t  earScod  color  change  among  all 
digits  of  a given  patient  irrespective  of  degree  of  injury. 

***  Control  determinations  on  same  patients  as  those  treated. 

Referring  to  Table  9#  it  is  noted  that  in  comparison 
to  control  determinations  on  the  same  patients,  there 
was  a greater  loss  of  body  heat  during  exposure  to  cold 
after  treatment  with  hexamc-thonlra.  This  phenomenon 
was  certainly  to  be  expected  when  the  normal  temperature 
regulating  apparatus  vas  seriously  handicapped  by  the 


pig 


m 


*1 


I 


4 


m 

I 


| i 

:•  ■ ; V 


* r 


i 

4 

: i 

i 


i 


1; 


loss  of  its  heat-conserving  vasoconstrictive  ability 
• during  a period  of  exposure  to  low  ambient  temperature. 
The  effect  va3  more  pronounced  than  that  observed  with 
lumbar  block,  probably  because  the  latter  represented 
a much  more  localized  vasodilatation* 

TABLE  9 


COMPARISON  OF  HEXAKETKOHIUK  ( PRE-EXPOSURE*)  WITH. 
CONTROL  DETERMINATIONS  IN  REGARD  TO  CHANGE 
El  ORAL  TEMPERATURE  DUREG  COLD  STRESS 


Patient 

’lumber 

Temperature  Change 
Control 

Temperature  Change 
Hexamethonium 

0003 

-0.2*  F.** 

-lA*  F.«-» 

0017  . 

-0.2*  F. 

-3.1*  F. 

0019 

-0.2*  ?. 

-2.  /»•  F. 

0025 

0.0 

-1.0*  F. 

r co27 

♦6.1*  K. 

-1.5*  F.  _ ... 

0037 

-0.9*  F. 

-1.6*  F. 

0033 

♦o.l*  F. 

r"  -1.5*  F. 

0052 

-0,6*  P. 

-1.7*  F. 

r 0055 

-0.3*  P.  ...  . .. 

-0.8*  r\ 

0356 

♦0.2*  P. 

-l.C*  F. 

CO  hi 

♦0.6*  F. 

-0.9*  F. 

uu  Q 

-0.2*  F. 

-1.2*  F. 

0068 

-0.9*  F. 

-2.0*  F. 

COc.9 

♦0.5*  F. 

~ -1.6*  F. 

0073 

-0.2*  F. 

-1.0*  F. 

C03i 

♦0.2*  F. 

-2.2*  F. 

005? 

♦0.2*  F. 

- rial!,  f. 

Mean 

-0.C9*  F.  Z0.32*  F. 

-l.feh*  F.  -L0.61*  F. 

t ■ 8.625^ 
P <.01 

» Refers  to  therapy  given  within  5 minutes  beforo  entering 


cold  room. 

**  Values  with  (♦)  sign  refers  to  rises  in  oral  temperature; 
those  with  (-)  sign  refer  to  drops  in  oral  temperature. 


2.  Hexamethonium  During  Cold  Exposure 

Eighteen  determinations  were  performed  on  16  patients 
of  whom  11  were  non-pigmented  and  five  were  pigmented. 
Thrco  were  hand  cases  and  13  were  foot  cases.  All  but 
two  of  these  were  ,'iven  50  ny;n.  of  hexnnethonium 
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intravenously  between  a half  hour  and  one  hour  after 

they  entered  the  cold  room.  The  regaining  two  were 

given  75  mgra-  on  a subsequent  detenination  after 

failing  to  respond  adequately  to  50  mgs.  An  attempt 

was  made  to  evaluate  the  improvement  in  the  skin 

color  as  a result  of  the  therapy.  Zn  Table  10  the 

maximum  color  deviation  attained  prior  to  therapy  la 

compared  with  the  minimum  (or  most  nearly  normal)  f 

color  deviation  after  therapy  but  while  the  patient 

was  still  in  the  cold  room.  In  sans  instances  it 

was  suspected  that  the  patient  was  reaoved  Area  the 

room  prior  to  complete  disappearance  of  the  color 

response.  Zn  rare  instances  the  color  Improved  after 

therapy,  giving  the  recorded  minimum  color  deviation 

and  then  progressively  becoming  worse  again  before 

the  patient  left  the  cold  room.  Only  three  patients 

ohovod  no  improvement,  three  patients  showed  definite 

f 

but  incomplete  disappearance  of  the  abnormal  skin  color 
and  10  showed  complete  restoration  of  normal  color. 

The  change  in  oral  temperature  (Table  ll)  resulting 
from  the  administration  of  hexamethonius  was  signifi- 
cantly different  from  that  obtained  in  the  same  patients 
on  control  determinations.  The  difference  was  not  as 
striking  as  before,  because  there  was  a shorter  period 
of  exposure  to  cold  subsequent  to  vasodilatation. 
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ALTERATION  OF  COLOR  RESPONSE  TO  COLD  STRESS 
FOLLOWING  AEMDJSTRATICN  OF  HEXAKETHONIUH* 


Patient  Skin  Color 

Number  JBe  fore_Tre  ■■.tr  ant 

Skin  Color 
After  Treatment 

0005 

Kcdorat o (3)** 

None  (1 

- 0019 

Slight  (2) 

Nona  (1 

lZ 

0023 

K-rkcd  (4) 

Harked  (4 

0022 

Narked  (4) 

f!<x) or- to  (3 

! 

0032 

Slight  (2) 

Nona  111 

"Z 

0033 

forked  (4) 

Nt’ccI  (4j 



Jerked  (6) 

Nona  (1 



C0':1 

\ ta  (3) 

N.'na  (1 



CO.' 3 

i:-:  V to  (3) 

l>na  11 

. OOfriTi 

t"t'{  fol 



oM 

ii- 1 

I-"-'- d lh] 

00A9 

(*> 

r>:n  (1 

■■ 

C)i3 

1*-^T  t (4/ 

r -na  (1. 

CO  '>9 

?•>•<  t (?) 

(i; 

00/3 

_J  U'r*t J?> 

1 Kanlt;  (1, 

o:  M 

Mu  (3) 

f'L-i'  -c.  12! 

1 

Kean 

3.1 10.9 

(Kod.crate) 

1.9  H.3 
(Slight) 

t - 3.1469 
P <,01 

ar.i  1 hour  after  catering  cold  rocn  and 
after  color  chungo  bed  developed. 

*»  Color  response  was  eroded*  1 none, 

2 » slight,  3 " cod irate,  and  4 » marked 
color  change  In  order  to  obtain  mean. 


3-  Long  Term  Uao  of  Hexaaethonium 

Eleven  patients  (five  nor.-pigmented  and  oix  pig- 
mented; four  hand  cases  and  seven  foot  cases)  were 
given  a 25  day  course  of  hexaaethoniura,  50  mgau 
intramuscularly  every  6 hours.  They  were  followed 
during  the  course  of  therapy  by  repeated  exposures 
to  cold  as  prescribed  in  the  standard  test  procedure 
All  11  patients  were  exposed  to  cold  Just  before 
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initiation  of  therapy  and  at  the  end  of  one  week  of 
therapy.  Two  patients  were  observed  during  the  second 
week  and  one  during  the  third  week  of  therapy.  Ten 
patients  were  observed  during  the  fourth  week  of 


therapy*  and  six  eases  were  observed  one  week  after 
the  cessation  of  therapy. 


TABUS  11 


COMPARISON  0?  H23&nrKC3IUM  (ttFOSURC*)  WITH 
CONTROL  K3*Sir»TIC;?3  El  ROJARO  TO  CKiSS 
IN  CE/L  TSI-rHATUaS  DUREIC  COLD  STHS33 


Patient 

Nir'b.',r 

SSS Ti'  .-3SC. 

l:-i> 

Tcrjarature  Cooige  I Ttaparature  Change 
Crmtrel  I l'r~r — ifchont’n 

A*  #'**  **  I 

0021 

-0.1*  F. 

-2.1»  P. 

CC27 

4>.l*  1'. 

-2.0*  K. 

C012 

— 0, 5*  r. 

-1.7*  P. 

C011 

bVo 

-1.2*  ?. 

037 

F. 

F. 

COM 

y. 

-0.7*  F.  

y. 

-•).->*  ?. 

o.5*  y. 

-1.6*  ?. 

c.'.i 

0.0 

-1.7*  H. 

0051 

-o.i*  ?. 

-1.9*  y. 

C-9 

_ 40,5*  F. 

■-0.A*  ?. 

CO/.Jt 

-0.2*  r\ 

*■0*6*  ?• 

0M1  ' 

•.0,2«  F. 

. -1-5*  F.  . 

-0.03*  y.  11.16*  F. 

-1.57*  f.  ruovp. 

t « 3.7101 

JL<^T __ 

after  patient  entered  cold  roaa. 

*»  Values  with  (♦}  sign  refor  to  rises  in  oral  temperature; 
those  with  (-)  sign  refer  to  drops  in  oral  temperature. 


The  results  of  this  study  are  tabulated  in  Table  12. 
Statistical  evaluation,  centring  the  observations 
during  the  first  week  of  therapy  with  those  prior  to 
initiation  of  therapy,  revealed  a significant  in- 
proveaent  as  a result  of  therapy.  During  the  latter 
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well  of  therapy  the  inproveaent  was  also  significant,  * 
hut  la  the  eases  observed  after  cessation  of  therapy, 
there  was  no  significant  difference  froa  the  pretest 
control. 

TABUS  12 

COKPAHISOSI  0?  XCCffiOH  COLOR  JuTPOtiSS  TO  COLO  STRESS  BEFORE, 

KfRECG  AMD  AFTER  TstllTT-FIVE  Eli  OClfcSK  0?  ffiJXAI-SraOftlUH* 


f t 


Patient 

I'-*xV **n  Color  ? 

:.'nsnrn  to  Cold  itr-cs  i 

Mtsnbor 

Before 

1 T-«><~Tr 

| During  lot 

1 y*\ 

1 t/jriPS  4th 
1 V’-'tt 

After 

Thrtf.VJV 

A 

>.♦ 

[_ J 

0013 

3 

2 

3 ... 

3 

3 

6 

. B 

6 

0050 

. 9 

6 

_ 

C053 

3 

10 

8 

7 _ 

C ' *S7 

__  5 

. . '1 

’ - 

C >74 

3 

3 

2 

- 

C ,73 

4 

. . 8 

7 

7 

C:.  il 

2 

0 

6 

8 

C-  >3 

3 

3 

9 

• 

OiC9 

__  3 

7 

)) 

- 

Total 

Patients 

Tjctrd 

11 

11 

10 

6 

l.'san 

Color 

Rosnonce 

3.7  —2.0 
Cbdrr.’.te) 

’oTl  127S 
-.  in) 

6.2Z2.9 

(Helped 

be) 

5 .7^2.1 
(Slightly  do- 

Lwd  y.r.-*mto) 

t**e 

- 

7.»:-u •■/<*>  1 

1.7;  it  A 

P 

<’.05 

0,05 

JO.l 

* Dosage  50  c~i.  intrariuccularly  r.voxy  6 hours. 

♦ Responses  graded  1 through  10  fren  r.  ed-.-.rj  to  rininua 
as  described  In  teat  cr.d  used  in  Tables  4,  6 end  11. 
Observation  bvIo  during  third  v«e!t  instead  of  fourth. 

t value  erproaccd  in  each  column  is  a comparison  between 
the  L";n  in  that  colur.n  and  the  tv; an  in  tha  pre-trentcent 
control  coltrai. 

Side  offsets  duo  to  tho  drug  consisted  of  frequent 
complaint a of  constipation  requiring  laxatives,  of 
transient  blurred  vieicn  after  adoinistration  of  each 
dose,  of  transient  postural  hypotension  >dtb  associated 


dizziness  for  a short  period  of  tiae  after  each  dose,  . 
and  the  rare  cooplaint  of  urinary  retention  which  was 
relieved  without  catheterization.  There  was  an  apparent 
gradual  adaptation  to  the  hypotensive  effect  of  hex&~ 
■ethoniua,  so  that  during  the  last  2 weeks  of  therapy 
Boot  of  the  patients  were  able  to  resume  the  norsal 
activity  of  an  ambulatory  convalescent  hospital  patient 
icmsdlately  after  receiving  their  injections,  whereas 
thsy  h i be_-n  forced  to  remain  supine  for  spprexteately 
2 hours  after  each  injection  during  the  earlier  days 
of  therapy. 

The  results  of  those  studios  with  hexrxothoniua 
eu&gcste-i  pre-r-ieo  in  the  cbility  to  alter  the  rosponse 
of  the  v.'-.tst'lar  bed  cf  a post-frostblto  digit  expos sd 
to  col  d.  It  would  zzr.  1 that  this  typo  of  therapy  eight 
pro. a t-rlmblo  in  increasing  tho  oygonatlon  of  frost- 
bitten tt r.  j'zoi  during  h:  sling  vb:n  there  is  an  associated 
vssoaya't-'c  phcr.cm:r..i  of  the  involved  ertrc.'JLty  such  as 
colcr.ecs,  pallor  and/or  cyanosis.  There  phenomena  wore 
ccsmonly  scon  during  tho  time  that  a third  degree  ulcor- 
atlon  was  healing  mi  usually  influenced  tho  rote  of  heal- 
ing of  the  lesion.  Is -pJce,*  in  a rmall  series  of  cases, 
showed  that  small  full  thickness  skin  grafts  applied  to 
theso  third  degree  ulcer  itlcns  wore  more  frequently  viable 
when  the  patient  was  oJj?.ultaneou3jy  treated  with  hexame- 
thonir~s  than  when  he  vas  not.  This  finding  lends  support 
* See  S.ction  XII,  Part  II  of  this  report. 
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to  the  hypothesis  that  fcexaaethoni.ua  lap  roves  the  blood 
flow  to  the  ulcer  bed* 

X.  Prlecollne 

Priacoline  was  studied  by  the  same  three  methods  as  de- 
scribed above  for  hexanethoniua.  The  results  obtained  are 
recorded  below.. 

1*  Priacoline  Prior  to  Cold  Exposure 

Twenty-three  determinations  were  performed  on  23 
patients  of  whca  15  were  ncn-pigser.tod  and  eight  plg- 
nontod.  Four  were  hand  cases  and  19  were  foot  cases. 

All  except  two  patients  received  50  e^pj.  of  tho  drug 
intravenously  within  5 minutes  before  entering  tho 
cold  roca.  The  remaining  two  received  75  mga.,  having 
failed  to  show  wh&t  was  considered  to  bo  a satisfactory 
rerponss  previously  (these  tv.o  former  obeorvatione  wore 
Kr.de  prior  to  15  January  1952  and  wore  discarded).  Other 
cases  vhieh  failed  to  respond  to  50  ic^a.  of  the  drug 
intravenously  wen  not  similarly  subjected  to  increased 
doaage. 

Four  of  the  23  cases  showed  no  color  response  on  their 
control  deterainatior.s,  so  could  not  be  expected  to  show 
variation  in  color  due  to  the  drug.  Results  obtained  on 
the  remaining  19  cases  are  shown  in  Table  13.  Of  the  19. 
five  showed  no  irrrovement  with  priecoline,  10  showed 
definite  irprcve-er.t,  end  four  were  completely  prevented 
frc.i  developing  the  color  change  which  they  had  shown 
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on  the  control  determination*  There  was  no  significant 
difference  between  this  group  and  its  controls  when  oral 
temperature  change  was  evaluated  as  it  was  for  hexaae- 
thoniua  in  Table  9* 


TABLE  13 

COMPARISON  OP  PRISOOLINS  (PRB-EXFOoUKL*)  KITH  CONTROL  B2TET.M3NATICWS 
IN  K3QAS0  TO  COLOR  RESPONSE  TO  COLD  STRESS 


Kaxircua  Color  Response** 

Total 

Patient 

Tscte 

Control*** 

Prophylactic* 
Pr?  ccolina 

L?”'dvr:vt  jU)?  h>w  (ivt  o 

0 

1 - U*. 

Marked  Change 

/--Jr.-  r t h lf  ho  • ? (2)  1 8 

5 .... 

3 

. 

Ar»*nr  'i:M  h'lf  how  ( M 1 11 

9 

2 

h'  LV  ham  (K)  1 1 

....  1 

0 

Hodorate  Change 

[<:  --•■■■  t . ' i h'lf  hour  ( 5)  1 2 

1 

1 

tk'y>ir  ' ■?  d h-lV  ho.-r  (6)  i 6 

2 

h 

J.V.*.*:  1:  < »r''f  i r r-  <Y> 

0 

o 

0 

Slight  Change  1 

rJ7  U* : 1 L 

f -»  S ( /:  **.  V*  *‘.L,  (Vi 

* 

1 

3 

< 

2 

0 

2 

V.o  Chwo 

0.6) 

A 

0 ! 

A 

T'.tnl 

5-‘ 

. 19  ' 

_ A9 

Mean  Ibrinvn  Color  Ronponse 

T.6 zz.i 

(Moderate 

Charge) 

K2I2.9 

(Belayed  Kod- 
onti  Onr^.o) 

t - 2.9171 

? <0.01 

* rioiVrs  to  therapy  given  intravenously  within  5 minutos  before  entering 
cold  room. 


**  Maximus  Color  Response  refers  to  the  moat  rsrked  color  change  among  all 
digits  of  a given  patient  i' vaspcctive  of  degree  of  injury. 

***  Control  dete.nrainations  on  jume  patient  as  those  treated. 

2.  Priscolii.e  During  Cold  Exposure 

Tvelve  determinations  were  performod  on  12  patients 
of  whoa  sevon  were  non-pigrented  and  fivo  were  pig- 
re  r.  ted.  One  was  a hand  case  and  the  remainder  were 
foot  cases.  All  received  50  mga.  of  priscoline  intra- 
venously between  a half  hour  and  one  hour  after  they 
entered  the  cold  room.  Four  of  these  patients  had 


developed  do  color  change  prior  to  the  tins  the  drug 
vu  administered*  The  remaining  eight  cases  represented 
a small  series  for  evaluation,  hut  in  comparing  the  color 
prior  to  administration  of  the  drug  with  that  which  was 
present  at  the  time  of  its  maximum  Improvement  while 
still  in  the  test  chamber,  it  was  noted  that  only  one 
patient  was  completely  relieved  of  the  abnormal  color, 
four  ware  improved,  and  three  showed  no  improvement. 

Vhan  tabulated  and  analyzed  in  the  seme  way  that  hexes** 
thorium  was  evaluated  (Table  10),  this  improvement  was 
not  significant  for  the  snail  nuaber  of  cases* 

3*  long  Term  Use  of  Prieccllne 

Eleven  patients  (eight  norv-pignentei  and  three  pig- 
f.ntsd;  two  hand  cases  and  nine  foot  cases)  ware  given 
a 25  d'y  course  of  prlocolino  50  cga.  orally  four  tiro* 
a day.  They  ware  followed  during  the  course  of  therapy 
by  repeated  exposures  to  the  standard  test  procedure, 
ill  11  patients  were  submitted  to  tho  procedure  Just 
before  onset  of  therapy.  Nine  were  observed  during  the 
first  week  and  the  re-iaining  two  during  the  second  week 
of  therapy.  Ten  were  'observed  during  the  fourth  week, 
and  seven  wore  expoeed  to  cold  stress  ons  week  after 
cessation  of  therapy.  Vhen  compared  with  their  control 
observations,  (as  hexamsthoniuu  was  in  Table  12),  these 
patients  showed  no  significant  improvement  during  the 
course  of  therapy.  It  is  recognized  by  the  authors  that 
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this  doss  not  constitute  adequate  trial  of  the  drug, 
sines  the  intramuscular  route  of  a&lnist ration  has 
not  been  explored.  The  dosages  administered  nay  have 
teen  too  small  or  too  widely  spaced  in  tins  of  ad- 
ministration. 

IV.  OTgPgg  m p 0CMCLUSI0.V3 

A procedure  for  closing  the  hands  and/or  feet  of  • human 
.subject  to  a reproducible  cold  stress  has  been  described.  This 
procedure,  using  cold  stress,  was  of  value  In  elucidating  the 
phenomena  of  abnormal  vasomotor  lability  in  previously  frost- 
bitten extremities. 

Seventy-two  patients,  all  young  adult  male  soldiers  having 
recently  rocovored  fren  first,  second  and/or  third  degree  frost- 
bite wore  cufcaittcd  to  a standard  cold  stress  procedure  for  a 
total  of  361  tics  a during  a 3 month  period  of  time.  Dtlstri*  cion 
of  eases  according  to  site,  degroo  of  injury  and  race  was  re- 
corded. 

Three  hundred  twenty-fivo  of  the  determinations  were 
analyzed,  including  149  intermittent  control  observations  which 
were  evaluated  with  regard  to  the  number  of  weeks  post-frostbite 
at  which  the  observation  was  made  and  the  severity  of  injury  of 
the  digit  involved.  These  control  observations  were  compared 
with  observations  on  the  sar.s  patients  during  treatment  with 
lumbar  sympathetic  block,  hexpnethonira  and  priscoline. 

The  results  demonstrated  the  following: 

l)  A significant  relationship  fcetveen  degree  of  injury 

and  severity  of  color  response  of  digits  to  cold  stress 
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2)  A significant  alteration  of  the  color  response  with 
lumbar  sympathetic  block,  hexaaethoniua  and  to  a 
lesser  degree  priacoline. 

3)  A significant  relationship  between  the  site  of  pain 
on  exposure  to  (.old  and  the  site  of  marked  color 
change* 

4)  A significant  relationship  oetween  the  site  of  pain 
and  the  severity  of  frostbite  previously  sustained. 

5)  A significant  lowering  during  the  periods  of  cold 
stress  of  oral  temperatures  of  those  patients 
treated  either  with  hexamethoniua  or  sympathetic 
blocks,  but  not  with  prircollne. 
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COLD  5THESS  STUDIES  OU  FOST-FliQSTBITE  PATIEUTS 
PART  II:  Skin  Temperature  Studies 


I.  INTiiOQUCTIOU 

The  clinical  course  of  frostbitten  extremities  has  been  described 
in  detail  elsewhere  (l).  Irrwdiately  after  injury  the  involved  digits 
are  usually  warn,  relatively*  hypohidrotic.  and  hypesthetic.  In  the  case 
of  first  and  the  milder  scco :,d  degree  injuries  those  flndii:gs  appear 
to  be  part  of  the  sterile  irflamatory  reaction  recultir-g  directly  frea 
the  cold  insvilt.  Their  deration  is  directly  related  to  the  severity 
of  the  original  injury,  1 to  3 weeks  for  first  degree  and  2 to  7 week3 
for  3econd  degree  lesiorcs.  Digits  which  have  sustained  a more  severe 
injury  may  exhibit  local  increased  warmth,  anhidrosis  ar.d  anesthesia 
for  as  long  as  3 months  after  frost L tc.  In  the  absence  of  cslluliti3 
this  suggests  that  cutaneous  denervation  has  occurred.  lr.  each  in- 
stance this  initial  phase  is  usually  followed  by  the  appearance  of 
abnormal  vasor.otor  lability,  This  is  the  post-frostbite  sequela  of 
importance,  secondary  only  to  extensive  tissue  I003,  in  deteminit\g 
the  subsequent  disability  experienced  by  patients  with  this  injury. 

It  is  characterized  by  the  clinical  manifestations  cf  increased  sympa- 
thetic nervous  system  activity,  namely  inability  to  keep  the  affected 
part  warn,  pallor  or  cyanosis,  and  increased  sweating. 

Tlie  excessive  perspiration  which  accompanies  this  post-cold  injury 
syndrome  did  not  constitute  a serious  problem  in  the  frostbite  patients 
studied,  at  least  in  the  convalescent  hospital  environment  ir.  which 
they  were  observed.  However,  tie  vasoconstrictive  component  of  the 
syndrome  with  its  resultant  ie crease  in  blood  flow  through  the  affected 
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part  was  of  significance.  The  ulceration  of  toes  with  third  degree 
frostbite,  if  r.ot  healed  before  the  onset  of  this  phase  rc-epitheli- 
alizcd  slowly.'  aid  skir.  grafts  would  not  survive  on  the  poorly  vascu- 
larized ulcer  bed  (Section  Vi).  Later  manifestations  of  this  derange- 
ment of  the  circulation  as  observed  under  standard  co.nditions  of  cold 
stress  Imve  teen  reported  in  Part  1 of  this  section. 

During  the  performnee  of  those  cold  stress  tests,  skin  temper a- 
ture  measure  seats  were  rade  in  order  to  obtain  an  objective  measure  of 
the  circulatory  status  of  patients  who  had  recently  been  frostbitten. 
These  temperature  data  are  the  subject  of  this  report. 

11.  KbiliCfio 

The  cold  stress  test  was  applied  in  the  manner  described  in  Part 
I to  72  subjects  who  recently  had  recovered  frora  Lhc-  acute  effects  of 
frostbite.  During  the  initial  equilibration  period  as  well  as  the 
3-hour  period  of  observation  following  the  cold  exposure  the  subjects 
were  in  a large,  high-ceiliiged  room  with  an  ambient  air  temperature 
wiiisr.  .'.v.Ti-ci  22.3*  C.  (72.2*  F.),  star, lari  deviation  of  1 1.4*  C., 
ar.d  a relative  humidity  of  Ji'.j.'  with  a utaniard  deviation  of  — 6.7,7. 
These  measurements  were  made  with  a continuously  recording  hjx.ro.me ter 
ar.d  thermograph.  The  coll  cxjiosure  itself  took  place  in  a wulk-in 
refrigerator  24  by  10  by  10  feet  in  size  with  an  average  ambient  tem- 
perature of  1C. 3*  C.  (50.5*  F.),  standard  deviation  1 0.4*  C.,  aid 
witli  an  average  r>  lative  humidity  of  (>0.5*,  star. lard  iovir.tion  * 4.0,5. 


These  conditions,  with  the  exception  of  the  temperature  within  the 
refrigerator,  were  obligatory.  Although  they  were  reasonably  constant 
Jurug  ary  cr.e  test  the  levels  of  the  temperature  and  relative  humidity 


were  subject 


to  only  lLr.ittJ  control. 


Ir.  tire  interest  of  obtaining 


more  reliable  cooling  and  rewarning  curves  an  ambient  air  temperature 
of  approximately  65*  F.  (29.4*  C.)  outside  of  the  refrigerator  would 
have  been  preferred  in  order  to  ensure  full  vasodilatation  both  before 
and  after  cooling.  Air  movement  was  not  uniform  throughout  the  refrig- 
erator and  could  not  be  eliminated  since  two  fans  were  an  integral  part 
of  the  cooling  mechanism.  The  relative  position  of  the  five  patients 
being  tested  at  any  one  time,  however,  was  randomized  during  successive 
tests. 

Skin  temperature  determinations  were  made  during  the  latter  half 
of  the  pre-expo3ure  equilibration  period,  throughout  the  cold  exposure 
and  for  3 hours  after  exposure  at  intervals  of  approximately  12  minutes. 
It  was  impractical  to  make  continuous  recordings.  The  temperatures  were 
measured  by  means  of  a manually  applied  coppcr-cons tantan  thermocouple 
junction  mounted  at  a distance  of  2.5  dm.  from  a nonconducting  handle 
and  connected  to  a recording  potentiometer.  Sufficient  time  was  allowed 
to  elapse  after  each  application  to  ensure  the  attainment  of  thermal 
equilibrium  between  the  junction  and  the  skin.  The  potentiometer  was 
calibrated  periodically  and  over  the  temperature  range  employed  gave 
readings  which  deviated  from  the  true  temperature  by  a mnxixnra  of 
♦ 0.6*  C.  Tha  recorded  temperatures  were  read  to  the  nearest  0.25*  C. 
which  was  found  to  be  the  range  of  reproducibility  of  repeated  deter- 
minations of  the  temperature  of  ary  given  point  under  stable  conditions. 

Measurements  were  taken  from  multiple  points  on  the  feet  (Figure  l) 
of  all  subjects  tested,  but  the  analysis  presented  here  was  confined  to 
the  temperature  data  collected  frem  the  great  toes  and  the  anterior 
aspect  of  the  ankles  of  27  patients  diiring  55  tests.  These  were  all 
the  subjects  who  had  sustained  a cold  injury  of  the  feet  with  the  great 


toes  dissimilarly  involved  and  on  whoa  the  hands  had  been  spared* 

This  selection  was  made  to  perait  comparisons  between  the  responses 
of  toes  with  different  degrees  of  frostbite  while  minimizing  the 
variations  which  exist  between  individuals.  The  g.-eat  toe  was  selected 
because  it  was  the  digit  most  frequently  and  most  severely  injured.  The 
skin  over  the  anterior  aspect  of  the  ankles  midway  between  the  malleoli 
was  chosen  as  an  uninjured  reference  point. 

The  tests  analyzed  were  restricted  further  to  those  which  were 
not  complicated  by  any  medication  or  procedure  designed  to  alter  the 
response  to  cold. 

The  subjects  were  divided,  for  the  purpose  of  analysis,  into  five 
groups  according  to  the  severity  of  frostbite  of  the  two  great  toes. 

They  were:  1)  "uninjured"  and  second  degree.  2)  "uninjured"  and  third 
degree.  3)  first  and  second  degree,  fc)  first  and  third  degree  and  5) 
second  and  third  degree.  No  cases  of  "uninjured"  and  first  degree 
were  available  for  study.  The  tens  "uninjured"  was  employed  in  cases 
of  unilateral  frostbite  to  designate  the  great  toe  which  had  not 
sustained  a cild  injury  as  determined  by  history  and  physical  exami- 
nation. Since  these  digits  presumably  were  exposed  to  the  sase  cold 
stress  which  had  produced  frostbite  of  the  opposite  foot,  they  may 
not  have  escaped  injury  completely. 

• Two  measures  of  cooling  were  analyzed:  1)  the  difference  between 
the  temperature  of  the  toe  and  that  of  the  ambient  air  after  equilibra- 
tion at  a temperature  of  22*  C.  for  one  hour  before  cold  exposure  and 
2}  the  rate  of  cooling  of  the  great  toe  relative  to  that  of  the  ankle 
in  an  environmental  temperature  of  10*  C.  The  la. ter  measure  was  the 
algebraic  difference  between  the  cooling  rates  of  the  skin  of  the  great 
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toes  and  the  corresponding  ankles  calculated  as  an  exponential 
function  of  temperature  charge  with  tine  in  accordance  with  5ewton*s 
law  of  cooling. 

in  addition  to  t!w  erviroi.ner.tal  factor.,  which  could  not  lie 
controlled  with  the  exactitude  desired,  the  akin  temperature  iseasure- 
Ecnta  were  influenced  by  certain  anatomical  ar.d  physiological  vari- 
ables which  were  not  assessed.  Some  of  these  factors  cay  have  had  a 
3igruf leant  effect  upon  the  results.  For  example,  the  skin  at  the 
site  of  a previous  second  o'  thirl  decree  lesion  was  usually  thin  and 
smooth,  especially  in  the  case  of  the  latter  decree  which  also  was 
frequently  ardiiJrotic  and  the  site  of  sons  subcutaneous  tissue  loss. 
These  factors  ray  have  prolucei  a hichcr  skin  temperature  than  would 
have  been  obtained  under  the  same  conditions  in  tlieir  absence.  Their 
influence  probably  would  be  greater  or.  the  ioe-ambier.t  air  temperature 
difference  at  'ctjuilibr i's~.  before  exposure  thar.  on  ’he  cooling  rate 
during  cold  exposure,  since  Li;c  former  is  a measure  of  the  extent  af 
cooling  and  the  latter  is  concerned  with  the  rate  of  change  ir.  temper- 
ature. The  equilibrium  temperature  measurement,  furthermore,  did  not 

into  consideration  the  variations  between  individuals  a?*l  between 
successive  tests  on  the  same  individual  due  to  such,  factors  as  differ- 
ence in  metabolic  rate  and  general  vasomotor,  tone  which  may  itave  influ- 
enced the  cooling  of  a iigit  but  are  not  necessarily  related  to  tlw 
injury  of  the  too  under  study. 

In  the  study  of  cooling  at  10*  C.  an  attempt  was  made  to  minimise 
the  influence  of  these  latter  variables  by  us i:ig  the  difference  between 
the  cooling  rates  of  the  toe  ar.d  ankle  in  the  analysis,  lii.ee  the 
skin  of  the  ankle  of  each  patient  was  uninjured  its  cooling  rate  was 
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considered  as  a measure  of  tho  general  vasomotor  status  of  the  Indi- 
vidual. This  basal  cooling  rate  of  the  extremity  would  reflect  any 
changes  in  these  variable  internal  factors  and,  hence,  subtracting  the 
cooling  rate  of  the  ankle  free  that  of  the  toe  would  tend  to  isolate 
the.  effect  of  the  frostbite  lesion  of  tho  digit  upon  it3  response  to 
cold.  Although  this  value  was  expressed  precisely  in  units  of  "degrees 
Centigrade  per  minute  per  degree  Centigrade"  it  was  not  considered  to 
have  any  real  thermodynamic  significance.  Zt  was  used  merely  as  a 
value,  quantitatively  derived,  which  expressed  the  relative  effect 
of  various  degrees  of  frostbite  upon  the  cooling  rate  of  the  digits 
involved. 

Throe  control  subjects  who  had  never  had  a cola  injury  were  also 
tested.  In  addition  io  the  exposure  at  an  ambient  air  temperature  of 
50*  P.  they  were  stirfied  at  35*,  W and  60*  F. 

III.  RESULTS 

A.  Too-lnbisnt  Temperature  Gradients 

The  temperature  of  the  room  during  the  equilibration  period 
before  exposure  was  sufficiently  low  (22*  C.)  to  produce  vaso- 
constriction in  most  of  the  subjects  as  evidenced  by  pallor 
or  even  slight  cyanosis  of  the  toes.  The  mean  toe-ambient 
temperature  gradients  (the  difference  between  the  temperature 
of  the  toe  and  the  ambient  air  after  equilibration) of  the 
patients  grouped  according  to  the  combination  of  injuries  of 
their  great  toes  are  recorded  in  Table  1.  Comparisons  between 
these  values  by  degree  of  injury  within  each  combination  of 
lesions  shewed  no  statistically  significant  differences.  The 
toe  with  the  lesser  degree  of  frostbite  cooled  to  a lower 
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temperature  (i.e.  had  a smaller  toe-ambient  temperature  grad- 
ient) on  the  average  than  the  opposite  toe  with  a more  severe 
lesion*  except  in  those  subjects  with  a third  degree  injury 
of  one  toe*  in  which  case  the  mean  gradients  were  approx- 
imately equal  bilaterally.  The  mean  gradients  were  higher  in 
subjects  with  a third  degree  lesion  than  In  those  with  less 
severe  injuries. 

TABLE  1 

KEAIl  TCS-A’OIGJT  TECSP.VTJRS  C-RADIEUTS  AFTER  EQUILIERATIOH 
CF  TH3  CRE4T  TOES  OF  rREVIO'JSLY  FROSTBITTCIi  SUBJECTS. 


Degree 

of 

Injury* 

. Eu-ibcr 

of 

Tests 

Mean  Toe-Ambient 
Terc-  r.-ture  Gradient 

t 

P 

*C.  1 S.D. 

0 

2 

13 

1.5 

2.5 

t 2.25 
£ 2.06 

1.129 

>.20 

0 

3 

7 

4.<f 

4.3 

- l.ta 
£ 2,01 

0.375 

>.70 

1 

2 

13 

1.7 

_ ?•?-- 

r3".o? 
£ 3.01 

o.eoo 

>.40 

1 

3 

12 

4.2 

4.7 

f 2.9  a 
£ 2.06 

0.438 

>.60 

2 

_J 

10 

4.2 

5.3 

fl.05 
- 2^1 

1.071 

>.20 

•*  In  this  and  snt:-:‘.:cnt  tables  •t0J*  designates  the 
uninjured  great  tee  of  patients  who  had  sustained 
f.-ostbite  of  the  opposite  great  toe. 


Comparisons  between  the  mean  gradients  of  toes  with  like 
degree  of  injury  tut  with  lesions  of  dissimilar  severity  of 
the  contralateral  toe  and  conversely  between  the  mean  grad- 
ients of  toes  with  frostbite  of  unlike  degree  but  with  lesions 


of  similar  severity  of  the  opposite  toe  (Table  2)  revealed 
sot:e  significant  differences.  For  example,  uninjured  toes  in 
patients  who  had  a third  degree  lesion  of  the  opposite  toe 


TABLE  2 

COMPARISONS  OF  THE  MEAN  TOE-AMBIENT  T3iPERATURE  GRADIENTS 
DEMONSTRATING  TIE  EFFECT  OF  DIFFERENT  DECREES  OF  FROSTBITE  OF  ONE 
• GREAT  TOE  UPON  THE  RESPONSES  OF  THE  CONTRALATERAL  TOE. 


Degree 

of 

In’urv* 


Number  I Mean  Toe-Ambient 
( Temoerature  Gradient 


J:£]x05 


xSix3° 




0.396} 

2.956) 

3.917 

0.366] 

0.427 

* The  number  in  parentheses  after  the  degree 
of  injury  denotes  the  degree  of  injury  of  the 
contralateral  great  toe. 
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did  not  cool  to  «s  low  a temperature  as  did  similar  uninjured 
toes  in  patients  with  second  degree  frostbite  of  the  corre- 
sponding contralateral  digit.  In  like  mannert  great  toes 
. wldch  had  sustained  a third  degree  injury  had  significantly 
higher  gradients,  on  the  average,  than  toes  which  had  first 
degree  lesions  when  the  contralateral  toe  in  both  instances 
had  second  degree  frostbite-.  In  general,  the  toes  with  a 
third  degree  lesion  and  toes  with  less  severe  injuries  but 
whose  contralateral  counterpart  had  sustained  a third  degree 
injury  cooled  the  least  in  a mildly  cool  environment. 

For  this  reason  the  results  cannot  be  combined  by  degree 
of  injury  irrespective  of  the  lesion  of  the  opposite  toe  when 
the  latter  is- third  degree.  Therefore,  the  combined  mean 
gradients  for  each  degree  of  frostbite  shown  in  Table  3 do 
not  include  the  values  obtained  froa  toes  with  no  injury  or 
with  first  degree  frostbite  when  present  in  the  same  patient 
with  a third  degree  injury  of  the  opposite  foot.  Toes  with 
second  degreo  frostbite  were  not  influenced  significantly  by 
a third  degree  lesion  of  the  contralateral  toe  and  hence  were 
not  omitted  from  the  calculations.  Included  in  this  table 
are  the  results  obtained  from  the  three  control  subjects. 

The  results  of  statistical  comparisons  between  these  mean 
gradients  of  the  toes  combined  without  regard  to  the  lesion 
on  the  contralateral  toe  and  of  the  control  digits  are  sum- 
marized in  Table  The  toes  with  third  degree  frostbite  had 
a significantly  higher  mean  gradient  than  did  any  of  the  dig- 
its with  lesser  injuries  or  with  no  injury.  The  toes  of  the 
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TOE  IRAN  TOE-AMBUNT  TEMPERATURE  GRADIENTS  OP  THE 
GREAT  TOES  COMBINED  BY  DEGREE  OF  INJURY  IRR2SPECT 
IVE  OF  TOE  INJURY  OF  TOE  OPPOSITE  TOE 


Number  I Kean  Toe-Ambient 

of  | Ternaraturo  Gradient 

Teste  I 'T.  | S 


* Values  for  toes  with  third  degree  frostbite 
of  the  opposite  great  toe  excluded. 

TABLE  4 

CG!!PAHISC:?S  ESTiJETJ  THE  IS.UI  TOB-AHHDSIT  TE?3*EHA- 
TOE2  CHADIKITS  AFTER  ECyiUETATICN  OF  THE  GREAT 
TOSS  OF  PE’aIOUST.Y  FE05TBI  t?UI  AND  0CNTR5L  SUB- 
JECTS (TABLE  3) 


Degree  of  Injury 
of  Toes  Cn  -r.rcd 


Control 

vs  0 

1.593 

>.10 

• 

vs  1 

0.963 

>.30 

m 

vs  2 

0.361 

>.70 

m 

vs  3 

2.325 

<.05 

0 

vs  1 

0.396 

>.60 

0 

vs  2 

1.431 

>.10 

0 

vs  3 

4.466 

<.001 

1 

vs  2 

0.758 

>.40 

1 

vs  3 

3.021 

<.01 

2 

_£JLJ 

2x23. 

<.01 

control  subjects  and  the  toes  witn  second  degree  frostbite 
cooled  to  essentially  the  sans  extent,  which  was  somewhat  less 
than  that  to  which  toes  with  no  injury  or  first  degree  frost- 


bite  cooled  although  the  difference  was  not  significant 
statistically. 

B.  Cooling  Rates 

During  the  cold  exposure  the  great  toes  of  the  patients 
and  the  control  subjects  cooled  at  varying  rates  but  with  few 
exceptions  (the  toes  of  patients  with  third  degree  frostbite 
in  particular)  had  ceased  to  cool  in  less  than  50  minutes. 
After  that  time  the  skin  temperature  of  the  toes  either  sta-. 
bllized  close  to  that  of  the  ambient  air  (either  at>  above  or 
below  it)  or  exhibited  the  cyclic  fluctuations  described  a* 
the  "hunting"  phenomenon.  Cooling  of  the  toes  to  temperatures 
below  that  of  the  environment  was  attributed  to  the  evaporat- 
ion of  perspiration. 

The  mean  "corrected  cooling  rates"  (the  algebraic  differ- 
ence between  the  cooling  rates  of  the  ankle  and  toe)  of  the 
great  toes  of  the  control  subjects  at  ambient  air  temperatures 
of  35"»  40%  50*  and  60*  P.  are  recorded  in  Table  5»  lbs 
statistical  comparisons  between  these  values  summarized  in 
Table  6 show  that  the  mean  cooling  tendency  did  not  vary  sig- 
nificantly at  AO*,  50*  and  60*  P.  and  in  oach  instance  was 
greater  than  at  35*  P.  Only  the  difference  between  the  mean 
cooling  rates  at  50*  and  35*  P«  was  statistically  ai$iificant. 
The  similarity  in  the  mean  cooling  rates  of  the  toes  at  the 
three  higher  ambient  temperatures  may  be  misleading.  A longi- 
tudinal survey  of  the  results  showed  that  in  only  one  instance 
was  the  cooling  rate  greater  i.  60*  ?.  than  at  50*  P.  In 
three  of  the  six  toes  tested  cooling  was  less  rapid  at  40* 


.1 


i ■ 

* l 

4 r 

H 

j; 


) 

i 

) 

! 

I 

* 


t 


\ 

1 

1 

( 


i 


! 


than  at  50*  F.  but  these  toes  were  those  which  cooled  slowest 
at  35*  F.  In  every  case  the  toes  cooled  more  slowly  at  35* 
than  at  40*  F.  Therefor  j,  • larger  number  of  observations 
might  have  yielded  a higher  mean  cooling  rate  at  50*  than  at 
60*  F.  The  lack  of  a significant  difference  between  the  cool- 
ing at  50*  and  40*  F.  may  be  due.  to  individual  variation  in 
the  temperature  at  which  cooling  ceased  to  increase  with  lower- 
ing of  the  ambient  temperature. 

, \ ' ' 

TABLE  5 * ' 

MEAN  CORRECTED  C00UKS  RATES  OF  TOE  CHEAT  TOES 
OF  CONTROL  SUBJECTS  AT  VARIOUS  AKBIH.T 
AIR  raPERATURES 


Ambient  Air 

Number 

Kean  Corrected 

Temperature 

of 

Rate  1 

•F. 

_ Tests _ 

*C./r.in./*C.  J S.D.  1 

35 

6 

.0136 

- .0053 

40 

6 

.0260 

i .0152 

50 

6 

.0247 

t .cos8 

60 

4 

.0250 

- .0346 

TABLE  6 


COKPARISONS  BETWEEN  TOE  JEAN  CORRECTED  COOLING 
RATES  OF  TOE  CREAT  TOSS  0?  CONTROL  SUBJECTS  AT 
VARIOUS  AMBIGJT  AIR  TOPERATORE3  (TABLE  5) 


Ambient  Air  Temperature 
of  Tests  Compared 
*F. 

t 

P 

35  vs  40 

2.195 

>.05 

35  vs  50 

2.657 

<.05 

35  vs  60 

1.5C0 

>.10 

40  VS  50 

0.455 

>.60 

40  vs  60 

0.316 

>•70 

60  vs  60 

0.030 

>.rO 

.W- 
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The  cold  stress  testing  of  the  frostbite  patients  was 
performed  at  an  ambient  temperature  of  50*  ?.  because  it 
was  found  to  bo  effective  in  eliciting  the  skin  color 
changes  and  did  not  cause  excessive  discomfort  to  the  sub- 
jects. The  mean  corrected  cooling  rates  for  each  degree  of 
injury  in  the  five  combinations  of  lesions  studied  are  shown 
in  Tablo  ? together  with  the  results  of  "t"  comparisons.  No 
statistically  significant  differences  existed  but  a tendency 
was  noted  for  toes  with  either  a second  or  third  degree 
lesion  to  cool  at  a lower  rate  than  the  contralateral  toe 
with  a first  degree  injury. 

TABLE  7 

THE  KEAN  CO;lRr,CTFD  COOLING  BATES  OF  THE  GREAT  TOES  OF 
PATIENTS  WITH  FROSTBITE  OF  BILATERALLY 
ASIKKETillCAL  BEVERITT 


Decree 

of 

Number 

of 

Kean  Corrected  Cooling 
Pate 

t 

P 

In  "irv 

Tests 

•C./cin./*C. 

......  S-D.„ 

0 

2 

13 

.0321 

•C317  .... 

t .0206 
* -C165 

o 

• 

o 

>.90 

0 

3 

7 

.0361 

.0312 

1 .0204 
i .C231 

0.422 

>.60 

1 

2 

13 

.0411 

.0255 

* -0263 
* .0277 

1.472 

>.10 

1 

12 

.0331 

.0173 

1 .0270 
1 .0143 

1.775 

>.05 

2 

2 

10 

.02% 

.0284 

♦ .0274 
— .032? 

0.016  >.90 

The  cooling  curves  presented  in  Figures  2 and  3 show  that 
a third  degree  lesion  did  have  some  effect  upon  the  cooling 
of  an  opposite  toe,  for  example,  one  with  first  degree  frost- 
bite. The  foes  with  a first  degree  lesion  did  not  cool  to 


the  ease  extent  when  the  opposite  toe  had  sustained  third 


degree  frostbite  (Figure  2)  as  when  the  opposite  toe  was  the 
site  of  second  degree  frostbite  (Figure  3).  In  contrast  to 
the  mean  toe-eabient  temperature  gradients  (Table  2)*  the  mean 
cooling  rates  of  the  great  toe  were  not  significantly  influ- 
enced by  the  presence  of  a third  degree  lesion  of  the  contra- 
lateral toe  (Table  8).  Therefore,  the  mean  corrected  cool- 
ing rate  of  the  teas  grouped  by  degree  of  injury  irrespective 
of  the  severity  of  the  lesion  of  the  contralateral  toe  was 
utilized  in  tha  analysis.  The  values  thus  obtained  together 
with  that  of  the  control  subjecte  when  exposed  at  50*  F.  are 
reported  in  Table  9*  A sumary  of  the  results  of  comparisons 


between  the  mean  cooling  rates  of  toss  with  each  degree  of 
I frostbite  and  the  control  toes  is  prenentod  in  Table  10.  Bone 

* t 

I ! of  the  differences  were  statistically  significant.  The  toes 

. < 

! of  the  control  subjects  end  those  with  second  and  third  degree 


frostbite  cooled  cn  the  average  at  almost  the  sarae  rate. 


Similarly,  digits  with  first  degree  lesions  and  the  uninjurod 
toes  of  patients  with  unilateral  frostblto  had  approximately 
the  same  aeon  cooling  rate  which  was  greater  than  that  of  toes 
with  the  other  three  degrees  of  injury  but  not  to  the  point  of 
statistical  significance. 

The  correlation  between  the  corrected  cooling  rates  of 
90  toe3  which  had  had  first,  second  or  third  degree  frostbite 
and  the  degree  of  injury,  using  tho  mothed  oi  Pearson  yielded 
a correlation  coefficient  of  -0.207.  This  value  indicated  a 
tendency  for  the  toes  • ' th  the  more  severe  frostbite  insult  to 
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FIGURE  2.  COOL!."'?  CURVES  OF  THE  GREAT  TOES  OF  A 
PATIENT  V/iTH  FIRST  AN!)  THIRD  DEGREE 
FROSTBITE. 


TIME  (MIN.) 

G — O AMBIENT  AIR  TEMPERATURE 

O'1— - — O FIRST  DEGREE  FROSTBITE 

X -*  SECOND  DEGREE  FROSTSITE 


FIG’JRE  3.  COOLING  CURVES  OF  THE  GREAT  TOES  OF  A PATIENT 
WITH  FIRST  AND  SECOND  DEGREE  FROSTBITE. 


1 


cool  at  a lower  rate.  However#-  the  difference  between  the 
coefficient  and  zero  was  of  only  borderline  si/yiificance 
and  had  no  predictive  value. 

An  analysis  of  the  corrected  cooling  rales  revealed  that 
the  response  of  previously  frostbitten  toes  to  cold  tended 
to  change  with  the  passage  of  timo.  This  is  illustrated  try 
the  rank  order  correlation  coefficients  summarized  in  Table 
11.  The  data  from  which  these  coefficients  were  calculated 
is  presented  In  Appendix  Tables  1 through  10. 

TAELS  8 - „ 

COMPARISONS  BETWE3I  THE  KEAN  COPJtECTED  COOLING  RATES  ILLUSTRATING  TOS 
INFLUENCE  0?  THE  DEGREE  OF  INJURY  Or  ONE  TOE  UPON  THE  COOLING 
OF  THE  OPPOSITE  GREAT  TOE 


Degree  of  Ir.- 

Number 

Mean  Corre 

c ted 

jury  of  Toes 

of 

Coolinr  F 

Ate 

t 

P 

Compared'5 

Test.3 

•C.Avn./’C. 

S.  D. 

0 (2) 

13 

.03a 

1 .0206 

0.117 

>.60 

0(3) 

.7 

.0361 

t .020?, 

1 (V 

13 

.0111 

1 .0263 

0.718 

>.10 

. 1 pj 

12 

__  0331 

1 .0270 

2 (0) 

13 

•0317 

* .0165 

8:IZ?30-316 

BUB 

mm 

■■ehS ■■ 

i .0277 
t .0271 

Hlfl 

7 

12 

10 

.0312 

.0173 

.028?, 

1 .0231 
♦ .0L'»8 
1 .0322 

1.133)0  W 
1.121)0*22- 

>•10) 

>.20)X® 

ini' 

13 

.0317 

*bnnai 

0.051 

>.90 

■EmOSBi 

7 

.0312 

ISEal 

2 (1) 

13 

t .0277 

0.932 

>.30 

3 1) 

12 

1 .0118 

0 U) 

nfi 

* .0206 

0.968)n 

1.016)0'316 

>•30)^ 

>.30)>*70 

. 1 (2) 

BriH 

1 0263 

3 (2) 

io 

1 .0322 

■Dim 

am 

SfpiB 

°*  ^0.617 

R 

A 

RR 

A A 

ppl 

wtmsm ■ 

n 

mm 

EBasHS 

0.385) 

j * The  r.uiher  in  parentheses  after  the  degree  of  injury  denotes 

I - • the  :e.yee  of  injury  of  the  contralateral  great  toe. 
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TABLE  9 


THE  MEAN  CORRECTED  COOLING  RATE?  OF  THE  GREAT 
TOES  COMBINED  BY  DEGREE  OF  INJURY  IRRESPECT- 
IVE OF  THE  INJURY  OF  THE  OPPOSITE  TOE 


Degree 

of 

Injury 

Number 

of 

Tests 

Mean  Corrected 
Cooling  Rate 

*C./min./,C. 

S.  D. 

Control 

6 

•022*7 

♦ .0088 

0 

20 

•0335 

1 .0195 

1 

25 

•0372 

♦ .0259 

2 

36 

.0286 

♦.  .0223 

2 

22 

•0?A5 

TAELE  10 


COMPARISONS  BETWE31  THE  MEAN  CORRECTED  COOLING 
RATES  OF  T5T  GREAT  TOES  OF  PREVIOUSLY  FEOST- 
BITTSH  Aki)  CONTROL  SUBJECTS  (TABLE  9) 


Decree  of- Injury 

ef  Tc-'S  Corroared 

t 

P 

Control  vs  0 

" vs  1 

" vs  2 

" vs  3 

0 vs  1 

0 vs  2 

0 vs  3 

1 vs  2 

1 vs  3 

2 vs  3 

1.571 

1.984 

0.750 

0.036 

0.544 

0.860 

1.475 

1.344 

1.896 

0*221— 

vvvvvvvvvv 

SSSSS&SSSS 

The  time  of  the  tests  varied  from  27  to  137  days  after  injury 
except  in  the  case  of  patients  with  a unilateral  third  degree 
lesion  in  which  the  tests  were  performed  from  15  to  88  days 
after  frostbite.  There  was  a positive  correlation  between 
the  cooling  rate  and  the  time  of  the  test  after  injury  in  the 

i 

case  of  toes  with  third  degree  frostbite  except  in  patients 
with  a unilateral  lesion.  This  discrepancy  may  have  been  due 


to  the  above  mentioned  fact  th.it  no  teste  were  performed  on  the 
latter  group  later  than  88  days  post-injury.  Toes  with  second 
degree  lesions  in  patients  with  first  degree  frostbite  of  the 
opposite  great  toe  cooled  more  slowly  as  the  time  after  Injury 
increased.  A similar  tendency  was  exnibited  by  toes  with  sec- 
ond degree  frostbite  in  patients  with  a unilateral  Injury. 
Uninjured  toes  and  those  with  first  degree  frostbite  tended  to 
change  with  time  in  the  same  direction  as  the  lesion  of  the  con- 
tralateral toe»  as  did  those  with  a second  degree  lesion  where 
the  opposite  toe  was  the  site  of  a third  degree  injury.  In  this 
respect  the  results  confirm  the  effect  of  the  lesion  on  one  foot 
upon  the  response  to  cold  of  the  opposite  foot  noted  previously 
in  the  analysis  of  the  toe-ambient  temperature  gradients. 

TABLS  11 

RWX  ORDER  COr-SSLATIOnS  E3TCEEH-  THE  COR- 
RECTED COOLING  RATES  0?  THE  GREAT  TOSS 
OF  PREVIOUS!.!  FR0GTBI11T:I  SUBJECTS 
AHD  THE  TK3  OF  TEST  AFTER  BIJORT 


Degree 

of 

..In  jujry^ 

Rumbsr 

of 

Tests 

Correlation 

Coefficient 

P 

0 (2) 

13 

- .015 

>.05 

0 (3) 

7 

♦ .143 

>.05 

1 (2) 

13 

- .082 

>.05 

1 (3) 

12 

♦ .371 

>.05 

2 (0) 

13 

- .205 

>.05 

2 (1) 

13 

- .693 

<.01 

2 (3) 

10 

♦ .482 

>.05 

3 (0) 

7 

- -357 

>.05 

3 (13 

12 

♦ .587 

<.05 

3 (2) 

10 

♦ 

<.01 

* The  number  in  parentheses  after 
the  degreo  of  injury  denotes  the 
degree  of  injury  of  thb  contralateral 
great  toe. 
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A comparison  of  the  mean  corrected  cot  Ing  rates  for 

■ ,•  r) 

each  degree  of  injury,  before  and  after  90  days  post-frrst- 

bite,  the  dichotomy  in  respect  to  time  which  by  trial  iind 
* error  was  determined  to  show  the  greatest  differences*  fur- 
nished a measure  of  the  changes  which  occurred  with  time 
(Table  12}.  The  mean  cooling  rate  of  third  degree  lesions  was 
greater  after  90  days  post-frostbite  than  before*  and  to  a 
lesser  extent  the  reverse  tended  to  be  true  of  toes  with  no 
injury  and  those  with  second  degree  lesions.  The  differences 
were  not  statistically  significant*  however.  Digits  with 
first  degree  frostbite  remained  essentially  unchanged*  the 
mean  cooling  rate  being  slightly  higher  after  90  days  than 
before. 

Comparison?  between  the  mean  cooling  rates  of  the  toes  of 
control  and  frostbitten  subjects  within  the  two  tine  periods 
are  summarised  in  Table  13-  In  the  earlier  period  third  degree 
lesions  cooled  significantly  slower  than  uninjured  toes  and 
exhibited  a tendency  in  that  direction  in  respect  to  the  control 
digits  and  those  with  first  and  second  degree  lesions.  After 
90  days  post-injury  these  toe 3 cooled  faster  on  the  average 
than  all  others  except  those  with  first  degree  frostbite. 
Uninjured  toes  of  frostbitten  patients  and  those  with  first  and 
second  degree  injuries  tended  to  cool  faster  than  the  controls 
during  the  first  90  days  after  injury.  Later  the  mean  cooling 
rate  of  the  uninjured  and  second  degree  frostbitten  toes 
approached  more  closely  that  of  the  controls. 

C.  Revaming 
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When  the  cold  exposure  was  terminated  and  the  patients  re- 
turned to  the  roots  with  an  ambient  temperature  of  22*  C.  their 
toes  remained  cold  or  were  rewanned  slowly  and  passively  by  the 
warmer  air.  After  a variable  period  of  time  active  rewarming 
occurred.  This  was  the  sudden  increase  in  skin  temperature  due 
to  the  release  of  vasoconstrictor  tone  in  the  digits  in  addition 
to  the  environmental  Seating.  The  toes  of  a few  patients* 
especially  those  with  third  degree  frostbite*  were  initially 
wamer  than  the  ambient  air  and  reached  a peak  in  rewarming 
almost  immediately.  Others  did  not  attain  a temperature  above 
that  of  the  air  within  the  entire  3-bour  period  of  obcervation. 

TABLE  13 

OCKPAKISWS  BETWEEN  TOE  EStf  OOKP.ECTED  CCCLIKG  FITES 
OF  THE  GF.S.W  TOES  OF  00:J7?DL  AKD  F~7I0’JSLT  FK3ST- 
BITTEM  SUBJECTS  ESFC.vJ  £HD  AFTL1  LLMiTT  DATS 
F05T-FEC5TBI7E 


Docree  of  Injury  i'  Fofcrn  90  After  90  Put 

of  Toe3  ter-'r-f-i  fl  fc  I f !<  t.  IP 
3»a»saBBc .smx-arga  ."..irw.^c'M'Kw.eK 


Control  vs  0 

» vs  1 

• vs  2 

« vs  3 

0 vs  1 

0 vs  2 

0 vs  3 

1 vs  2 

1 vs  3 


1.485 

1.474 

0.925 

0.917 

0.154 

0.481 

2.0E0 

0.589 

2.000 

1.181 


1.000 

1.500 

0.019 

0.943 

1.011 

0.980 

0.419 

1.495 

0.470 

o.y.4 


Whan  active  reparsing  did  occur  the  skin  temperature  of  the 
toes  often  increased  as  much  as  5 to  10*  C.  in  from  15  to  20 
minutes  (Figure  4).  The  mean  time  elapsed  between  the  ces- 
sation of  cooling  and  the  onset  of  active  rewarning  for  each 


degree  of  injury  in  the  five  groups  studied  is  recorded  In 
Tabl.  ih  together  with  the  results  of  statistical  comparisons 
between  the  two  degrees  of  injury  in  each  group.  The  number 
of  tests  in  which  active  re warning  of  either  great  toe  did  not 
occur  is  also  shown.  These  eases  were  essentially  equally 
distributed  among  the  five  combinations  of  lesions  and  were 
excluded  from  the  analysis.  When  active  rewarding  occurred  in 
only  one  great  toe  of  a subject  during  the  3 hours  of  observa- 
tion the  time  of  rewarding  for  the  other  toe  was  arbitrarily 
set  at  3 hours  for  the  purpose  of  this  study.  The  extreme 
variability  in  the  rewarding  of  toes  with  any  degree  of  injury 
was  reflected  in  the  standard  deviations  of  the  means.  Only 
the  values  for  toes  with  no  injury  and  second  degree  frostbite, 
present  in  the  same  individual,  showed  a statistically  signifi- 
cant difference.  The  latter  re  warmed  earlier  than  the  uninjured 
toes. 

TABLE  14 

TEC  OF  ACTIVE  REWASKIKG  OF  THE  CHEAT  TOES  OF  PREVIOOSLT 
FROSTBITTEN  PATIENTS  FOLLOWING  EXPOSURE  TO  COLO 


Due  ta  th«  variability  between  individuals  * td  the  mall 
number  of  observations  these  mean  times  of  renaming  may  be 
misleading.  A study  of  the  frequency  with  which  a toe  with 

.'X'x 

a given  degree  of  injury  re  warned  earlier,  siailtaneously  or"v 
later  in  respect  to  the  contralateral  'oe  which  had  a different 
degree  of  injury  showed  greater  differences  (Table  15).  Rewarm- 
ing was  considered  simultaneous  unless  the  times  of  rewaraing 
differed  by  12  or  more  minutes*  the  approximate  interval  between 
temperature  measurements.  Uninjured  toes  tended  to  rewarm  later 
than  toes  with  second  ar.d  third  degree  lesions  which  in  turn 
showed  a tendency  to  rewarm  later  than  toes  with  first  degree 
frostbite  when  present  in  the  same  subject.  The  incidence  of 
delayed  rewarming  of  second  degree  lesions  was  greater  than 
that  of  third  degree  lesions  when  on  opposing  toes,  but  the 
difference  was  slightly  less  marked  th?n  in  the  other  groups. 

The  chi  square  test  was  just  short  of  significance  at  the 
level  of  probability,  indicating  that  the  revanaing  of  the 
lesser  relative  to  the  greater  degree  of  injury  in  any  of  the 
combinations  of  lesions  was  not  significantly  different  from 
that  of  the  total.  However,  an  analysis  utilizing  only  the 
combined  results  of  the  two  groups  with  an  uninjured  toe  in 
common  and  the  two  groups  with  first  degree  lesions  yielded 
a value  for  chi  square  of  13.726.  With  one  degree  of  freedom 
the  probability  was  less  than  1 % that  the  difference  in  the 
rewaraing  of  toes  with  no  injury  and  with  first  degree  frost- 
bite relative  to  that  of  toes  with  second  and  third  degree 
frostbite  was  due  to  chance.  The  rewarding  of  second  relative 


* T. 
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r ■ * 


to  third  degree  lesions  was  intermediate  between  that  of 
toes  with  no  injury  and  those  with  first  degree  frostbite. 

The  elevation  of  the  skin  temperature  at  its  peak  during 
rewarming  is  recorded  in  Table  16  as  the  mean  difference  be- 
tween the  toe  and  ambient  temperatures.  These  mean  temperature 
gradients  did  not  differ  sign',  fie  an  tly  between  any  two  degrees 
of  injury  present  in  the  same  subject.  The  results  of  compar- 
isons between  the  mean  values  for  toes  with  a like  degree  of  in- 
jury but  with  dissimilar  lesions  of  the  contralateral  toos  and 
with  unliko  degrees  of  injury  but  with  the  same  severity  of  frost- 
bite of  the  opposite  toe  (Table  17)  corresponded  closely  to  the 
ear.: 3 comparisons  between  the  pre -exposure  toe-ambient  temperature 
gradients.  In  general#  toes  with  third  degree  fro 3 tbit a and 

TABLE  15 

FaFCJ—CY  DISTRIBUTION  OP  THE  fGLVTITS  TW2  CP  ACTIVE  KE- 
irjSOKO  OF  TH3  GRU’.T  TC’JS  0?  PniTICUSLT  FROST- 
BITE! SUBJECTS 


Degree  of  Injury 
of  Contralateral 
Tone  O oar’d 

Tiro  of  Active  Er-, -arming  of  Lessor 
. Holntlvo  to  Cr-rs*  Dc-^cs  of  Injury! 
V : rJ-i.or  1 f~~  Ltter* 

0-2 

1 

U 

7 

0-3 

1 

1 

U 

1-2 

6 

k 

1 

1-3 

6 

k 

1 

2 - 3 

2 

3 

5 

Totals 

16 

16 

18 

| Chi  square  ■ 15*316  df  - 8 P >.05 

i 1-  _ L. 

toe3  with  a lesser  or  no  injury  whose  counterpart  on  the  oppo-  its 

foot  had  third  degree  frostbite  rewarded  to  a higher  temperature 
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TABLE  16 

MHAH  TOE-AHBUST  TEMPERATURE  DIFFERENCES  0?  TOE  ©EAT  TOES 
AT  THE  KEIOTT  OP  RENAMING  FOUOSIHG 
EXPOSURE  TO  COLD 


Degree 

of 

■Jfe&EL. 

Busier 

of 

Testa 

He  an  Toe-Ambient 

Tcroorsture  Difference 

t 

P 

•c. 

1 S.  D. 

0 

2 

10 

3.6 

4.0 

11.33 

*1.31 

0.667 

>.50 

0 

3 

6 

..  . 

5.2 

....  5.2 

* l.?4 

* 2.01 

— 

— 

1 

2 

9 

3.8 
4-6 

* 1.27 

* l.q. 

1.143 

>.20 

1 

3 

11 

5.1 

* 1.44 

* 1.35 

0.5C0 

>.60 

2 

2 _ 

8 

4.9 
--  5-4 

♦ 0,i9 

* 1.71 

0.714 

>.40 

thr.n  the  reaudnder.  * 


7co  icwn  too-crbicnt  tcuparntura  gradients  before  exposure 
eod  at  th  a tc&l'.  of  rs  .urging  am  e«  pared  in  Tablo  IS.  Tho 
ncan  vrlaca  for  oil  degrees  of  injuiy  in  all  fivo  groups  vtr« 
higher  after  tha  cold  oa^onuro  but  the  dlffoncrecs  warn  slgnifl- 
cont  or  approach'd  oirnificsnco  only  In  the  a a gran  po  composed 
of  patients  without  a third  degreo  lesion.  that  ia,  thoae  with 
no  Injury  end  second  dogrss.  end  thooo  with  first  end  second 
degree  frostbite  prasent  in  the  cane  individual.  These  tooa 
ecolcd  nost  extcr.sivoly  during  the  pre-erpeaurs  equilibration 
period  and  even  though  their  temperature  s$3  increased  tho  nost 
by  the  active  rovsning  folic’ ring  exposure  to  cold,  they  did  not 
rewara  to  as  high  a ter  para  turn  as  tho  others.  Tho  .actual  mean 
temperature  at  the  psa.'c  of  nr  cursing  in  ?n  environment  of  22.3*  C. 
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. TAELS  17 

OafPAKISCMS  KKESI  TK 35  KTXi  TOP^-PJI.'iT  T£22?-ATO;3  CUDE2T3  OF 
TK3  GEZAT  T0P3  0?  FEiiTICuiLT  ?rOSTBIf*I!f  &TCJECY3  AY  1E3  E2CHT 
OF  KA2fcfiE8  KCX012KG  ES0SJI3  TO  COLD 


Ranker 


1^0)1.^  >.£k05 

O.'JZO)  >.(.  0) 


S;i  I eu 


>■*^2.571  I ^'<.05 


xnk  rn 

>.:or 


* *Ts3  rr_  ‘ vr  in  »:-r.ntti23‘5 

.1  eftar  t: 

e tf: 

nvn  of  in 

:*r7  do- 

rot- 

3 f j of  iiij'-u/ 

of  t'-o  5-:i 

Irrl* 

jr* 

it  to  5. 

t:*a  2kl*  C.  for  unin£’ 

rod  to'1?* 

* C.  for  ». 

-'03  ,'ith 

first 

d-'vj rco»  2j.o*  C.  for  toe  i with  r: 

if^rco  1- 

d 27A*  C.  for 

tena  with  tMrd  do^rca 

frojrtbita. 

• 

17. 
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(2,3).  Fi*.-;v  «r,  it  <5soa  not  r.occaacrlty  reflect  the  efft-nfrtyn  Usad 
tleru  that  pert  of  the  total  which  p'.sjao  ttircn~h  trua  ccpillcrltro  in 
diotincticvi  to  th-.t  which  Hears  thrcu.h  tboxr-j.shf&ro  chcawla.  It  is 
c,;Ty  tha  f «,»_;•?  fraction  of  thn'  fiy.i  that  is  sv.'JLIaKLs  far  asaScajs 
viih  tie  tirt'ss.  TV.o  t!JLn  U.  Vrre  dona  allc:r  an  crtientica  of  ths 
status  of  a dl^iti  he.  : -or#  and  einso  it  wj  tho  only  tech- 
t '.r.x’i  cvrlLAale#  it  ns  «-”lcycd  in  t.Ii5.a  otydy. 

The  <Jr  jr;o  to  '.-hi eh  the  te  p.'rHr.io  of  the  ??dn  aoproxbaatos 
tint  of  tha  ewirotrasnt#  cxprvsccd  hero  as  tha  to  ibisnt  teyporaturo 
ry.-£ icnt»  is  f recently  used  as  an  Index  of  the  state  of  tho  pcriphoral 
c ire  cl  a tic  n in  clinical  practice.  The  variability  of  this  rnaOT.ro  vren 
j jcrc’.vs  with  rot-.l  circalntl.cn  li.--.iia  its  use  r. 3 a dlafj.oatie 
tool  to  o-ul  A-'r  il  vArordoro  which  pc:  At  direct  ce  p'riior.n  fcat^wn 
the  rl'csr  .1  :-',i  the  csrrl  cytr.  At.y  of  tha  c-  -o  individual*  In  the 
proo.nh  st’’..'.y,  therefore*  it  res  not  tHWOtp-ciei  that  the  variability  in 


the  resulte  evidenced  by  the  magnitude  of  the  standard  deviations  rela- 
tive to  the  Beans  did  not  permit  the  digits  to  bo  classified  in  respect 
to  the  absence*  presence  or  degree  of  frostbite  on  the  basis  of  their 
toe-aabient  temperature  gradients.  Hovover»  the  neon  gradients  showed 
that  there  were  group  tendencies  to  either  a greater  or  lesser  degree 
of  vasocona  trictica  eiong  the  varicus  degrees  of  frostbite  as  compared 
to  the  controls. 


The  coolirg  rata  is  also  aa  indox  of  blood  flow.  Hevton’s  empiri- 
cal lew  of  cooling  la  generally  considered  applicable  to  tha  cooling  of 
digits  under  eai/liticoe  such  as  thoso  in  tills  eopurir:ent.  The  law  states 
that  tho  tc  poruturo  cf  s given  vzt-.t  crjdy  with  ec.ictant  thtrsil  conductiv- 
ity will  decline  along  s cniura  haring  rn  erpenc-.tial  equation  of  tho  type: 

-et 

Tt-  T0*  . 

T0  is  the  initial  (^'ro  tiro)  dlfforc-.iso  betwr.cn  tho  tc-rpomturoo  of 
ths  body  Aid  tbs  c "blent  air#  the  t.-yornturo  difference  at  any  opac- 
ified tiro#  t.id  ths  court  rat  rsprsfn  ntir.g  t’’3  cooling  rata. 

If  the  t’dn  tcuporr.tsno  dct.i  aro  plotted  f c.dlo  jaritl  ^de  dly  with  tho 
ordinate  repr.:  orating  tho  c’dn-:.-.bi'nt  teiypei-aluvo  diffrrcaco  at  tire  wt* 
Indicated  on  the  ebscieos*  a straight  lino  ro cults.  Sine*  h > thorruil 
conductivity  of  a digit  is  determined  by  tho  their:;-!  conductivity  of  the 
tissue  iteslf*  which  r.  \j  bo  considered  constant*  i-.i  the  blood  flow  through 
tha  digit*  eny  differences  bitvacn  ths  slopes  of  tM  linca  roflect  corres- 


ponding differences  in  blood  flow. 

The  bleed  flow  through  the  digits  sto.icd  was  es-.'.ntislly  con- 
stant during  tho  first  50  minutes  or  exposure  to  cold.  Any  reduction 
in  flow  iiduced  by  tns  cold  rust  have  occurred  alr:o.»t  lnotuntanecusly 
or  at  least  so  mpitily  that  it  could  not  bo  detected  by  ths  technique 
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of  intermittent  skin  temperature  measurements  eaployia.  The  *goodness 
of  fit"  of  the  temperature  data  to  the  calculated  cooling  curve*  an 
index  of  the  constancy  of  the  blood  flow*  indicated  that  in  &k%  of  the 
teats  aa  good  a fit  could  have  bean  obtained  by  chance  in  leas  then  5% 
of  repeated  testa.  In  coat  of  tha  instances  in  which  the  fit  of  the 
data  to  tha  theoretical  cooling  curve  was  poorer  the  probability  was 
leas  than  10%.  After  50  ninutes  of  exposure  cooling  was  no  longer  an 
exponential  function  of  tins  but  bee  an  e asymptotic  or  erratic.  Thia 
portion  of  the  cooling  curve  was  not  utilised  in  the  cooling  rate  cal- 
culations. * 

Sheard  et  al.  (/»)  reported  that  the  great  toss  of  seven  sub- 
jects, throe  with  normal  circulation  and  fear  with  vceoapsetic  or  orgtnic 
vascular  disease*,  cooled  at  essentially  the  arr.a  rate  in  an  tr.blcnt  air 
teener. '.tura  of  11*  C.  (6’».t*  P.)»  Tho  rengo  of  cooling  rutsa  reported 
rro  fro  a .02  to  .05  degrees  (C.)  par  »Jnuto . They  e-nalaincd  the  lack 
of  di’.'i.;03t.ic  valuo  of  tho  cooling  rate  to  t-a  equal  diainuticn  of  blood 
flew  in  r.or.^sl  end  diseased  extrsoitioo  by  var< ‘constriction  clone  In 
the  fcr.vjr  ru:d  va..ocenctricUon  tup arixpased  on  apaca  or  vascular  occla- 
aion  in  tho  latter.  The  re  trait  3 of  the  present  study  confirmed  their 
opinion  that  tha  cooling  rate  is  not  diagnostic  of  peripheral  vascular 
abnormality  in  the  individual  case.  However.  there  is  evidence  that 
there  ia  a tendency  for  tha  cooling  rate  to  vary  in  proportion  to  the 
degree  of  vasoconstriction  produced  by  a disturbance  of  the  peripheral 
circulation  then  the  mum  value  for  a group  of  patients  with  such  a 
le3icn  is  corpared  with  that  for  a group  of  normal  subjects.  For 
example,  there  was  a tendency  for  toes  with  first  degree  frostbite  to 
cool  rcore  rapidly  on  the  average  than  the  toeo  of  the  controls.  The 


results  of  ths  studios  on  control  robj*cta»  although  admittedly  tomoss 
because  of  tbs  oxtrceoly  sacall  nuaber  of  observations*  suggested  that 
the  cooling  rate  increased  as  ths  snbient  air  temperature  of  the  ezpoaure 
decreased  down  to  appro zisa to ly  40*  F. 

While  the  ability  of  the  cooling  rate  to  distinguieb  different 
degrees  of  Tssoccnstricticn  usy  bo  limited*  it  certainly  can  differenti- 
ate an  extreaity  afflicted  with  a condition  which  produces  vasodilatation 
frea  cno  with  normal  or  increased  vasomotor  tens.  Third  dogrst  losioos 
during  the  first  SO  days  after  frostbite  cooled  significantly  slower  than 
the  uninjured  toes  of  unilaterally  frostbitten  patients.  Also  tbs  coon 
cooling  rata  of  thn  tcon  of  the  control  subjects  at  35*  F.  ns  signifi- 
cantly lavor  then  st  50*  F.  This  was  to  r.grorncnt  with  the  findings  of 
Grctnfidd  (5)  and  others  (6)  who  d..r.enotratod  that  v.ondilstaticn  occurs 
whoa  cn  cAr  nlty  is  to-rreed  to  water  at  a temperature  does  to  0*  C. 
They  found  thi  bleed  flow  during  this  cold  varcdilsiatloa  to  bn  nxdral. 
It  is  of  iutorcst  that  for  50  doyu  aftor  injury  tbo  cooling  ratco  ter 
thn  toes  with  thn  third  degree  frostbite  at  50*  F.  vaa  of  the  sras  order 
as  that  of  the  control  tecs  at  35*  F. 

Within  the  limitations  of  the  techniques  er  ployed  the  o?dn 
temperature  studies  ha7s  confirned  clinical  impressions  of  the  circu- 
latory changes  which  occur  in  frostbitten  patients.  The  analysis  was 
handicapped  by  the  risll  nunbsr  of  testa.  The  interpretation  of  the 
results  was  also  complicated  *7  the  influence  upon  the  response  of  s 
toe  with  any  one  degree  of  injury  by  tho  dissimilar  lesion  of  the  contra- 
lateral toe.  Any  attc-pt  to  dincrtolnate  between  the  responses  of  tho 
various  degrocs  of  injury  was  further  coupliceV-'  by  ths  arbitrary  and 
superficial  nature  of  the  clinical  classification  of  oevority  of  frost- 


bit*.  Thia  via  particuli  *y  true  of  th*  distinction  between  second 
•ad  third  degree  la  si  on  a.  Thia  division  ia  based  only  on  th*  dapth 
of  akin  loss.  A sever*  second  dfegrea  injury  la  therefor*  often  dif- 
ferentiated frost  a slid  third  degree  lesion  by  th*  oarriral  of  a f«v 
epithelial  calls.  The  de-sage  to  th*  deeper  structures  nay  be  identical 
in  th*  tw  instances.  Th*  classification,  furthmore,  does  not  take 
into  ccnsid.raticn  tha  extent  of  itnrolveacat  which  nny  be  an  important 
factor  ia  dntci-.da.lig  the  tabs^cent  vascular  response. 

I 

Kcvcrtholocs,  the  &*.dn  tcv„»Mt\cre  ebeervetieno  slovod  that 
toon  with  third  dogrse  frsatbita  v«i  in  a etato  of  vasodilatation  for 
an  appreciable  length  of  tiro  after  injury,  ihosa  too 3 thereafter 
8h.vw.3d  evidence  of  ercseclvo  vadaccnotrieticn  orca  erpocar*  to  cold  of 
tfco  t-ize  order  aa  that  initially  ccicibit+cl  by  toes  with  loso  sorer* 
.frostbit*.  The  t-sts  wars  not  perfoi— in  sufficient  nrciti?  early 
en:c"h  affcor  injrry  to  dv.- .castrate  the  initial  bri<af  vim  p!  sea  ot  rerrod 
clinic.-lly  in  thi  lattor  enr-.fl.  £ra  evidsaca  v.so  elicited  to  en^cst 
thr.t  the  essggoi-.'itsi  roepura  to  cold  erhitiV.-i  by  ties  with  first  end 
accord  d^Too  ficrtblt*  gre ''-.tally  dccrsrxci  i.dth  tiro.  T.ia  finding 
ia  in  AGtQ'.  anl  with  cl  ini  cl.  obscrvnticca  that  tha  r.orbidity  dee  to 
th-j  poet-frostbite  sequoia  progressively  d-reresses. 

The  treperaturo  observations  did  not  contribute  ruterlnlly 
to  the  undorstwiing  of  the  p-vthology  of  thie  usquela  to  frostbit*. 

The  history  of  the  lesion.  however*  enggeated  « hypothesis  which  night 
profitably  be  {.-objected  to  investigation.  Evid-.-nco  baa  been  reported 
in  support  of  the  view  that  capillary  blied  flew  is  controlled  by  an 
enzyme  ays  ten  which  inactivates  circulating  nor-opinephrlne  or  possibly 
epinephrine  at  the  pre-capillary  sphincters  (6).  If  this  systen  were 
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destroyed  or  damaged  by  cold  Injury  a normally  sub- threshold  concen- 
tration of  the  humoral  vasoconetrictor  substance  could  become  effec- 
tive end  the  action  of  an  effe  tive  concentration  would  be  prolonged* 

This  would  have  the  effect  of  •sensitising'*  the  vessels  locally  to 
cold  stress  and  produce  the  manifestations  of  the  post-cold  injury 
Syndroms.  Such  a departure  frets  normal  physiology  mast  bo  assumed  to 
involve  third  degree  as  wall  as  first  and  second  degree  lesions.  The 
difference  in  tha  response  of  tha  forcer  daring  the  lKr.edioto  post- 
injury  period  msy  be  explained  ea  the  basis  of  cn  additional  insult  to 
tha  innervation  cf  tho  p^rt  involved.  The  duration  of  thio  Initial 
parlod  of  varcdUutnticn  (up  to  3 eontha  after  injury)  vraa  coasoncurste 
with  the  tiro  required  for  tha  recovery  of  dar-aged  nerves. 

The  tiro  of  rorr.rnins  of  tha  tors  did  not  present  a pattern 
of  raepenso  in  rocpcct  to  degrto  of  injury  which  cculd  ha  explained 
with  any  rccrcanso.  Tha  rerulta  wore  extrc-  ily  variable.  One  featuro 
of  int-'rot  in  tho  Jr.g  roc!psn*-e3»  regerdleos  of  degress  was  tho 
length  of  time  r.ruired  for  active  roiurrdng  to  occur.  Tho  wv.a  value 
for  each  degree  wus  at  least  yi  minutes  and  about  cn  hour  in  t’r.a  ..ajority 
of  instrnecs.  The  delay  in  recurring  may  two  been  due  to  a diminution 
of  the  cumber  of  functioning  capillaries  as  a rer.ilt  of  the  prolonged 
action  of  the  huroral  vasoconstrictor  substance  at  the  pre-capillary 
ephinetora.  This  view  was  supported  by  the  observation  frequently  made 
in  these  teats  that  eyanosie  of  the  skin  of  the  toss  was  replaced  by 
a deep  red  color  an  appreciable  length  of  tire  before  the  terpsmture 
increased.  Crygonated  blood  was  reaching  tho  nub-papillaty  ver.cus 
plosa’.ses.  However#  apparently  due  tc  ne  persistence  of  spava  of  the 
pre-capillary  sphincters  it  was  not  passing  through  tho  superficial 
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capillaries  and  consequently  the  surface  temperature  was  not  Immediately 
affected. 

It  is  not  known  whether  or  not  the  duration  of  the  post-cold 
injury  syndrome  is  compatible  with  the  time  the  ensyme  system  would 
require  to  recover  or  be  replaced  if  Indeed  it  would,  recover.  Perhaps 
investigation  of  previously  frostbittsr.  subjects  to  determine  the  response 
jo  the  injection  of  epinephrine  would  be  of  value  in  deciding  this  point. 
Similarly*  studies  of  the  effect  of  parcnterally  administered  ferrous 
ion  or  ferritin  (7*8)  which  have  teen  shown  to  raiso  the  threshold  of 
the  pre-capillary  sphincters  to  epinephrine*  would  be  of  Interest. 

v.  sr-y.nr  err  customs 

Skin  temperature  studies  were  porforasd  before*  during  and  after 
exposure  to  cold  of  previously  frostbitten  and  control  subjects,  the 
results*  in  general,  substantiated  clinical  impressions  of  tho  chrngea 
in  the  circulation  of  tlis  involved  toes  which  have  been  observed  after 
frosthito.  Shortly  after  injury  those  dibits  shaded  excessive  vaso- 
constrictor tone  which  was  codified  in  the  case  of  the  severest  injuries 
by  what  appeared  to  be  cutaneous  denervation  of  tho  involved  part,  k 
hypothetical  explanation  of  these  findings  has  been  advanced. 

The  cold  stress  test  is  an  effective  means  of  eliciting  evi- 
dence of  the  post-frostbite  syndrome.  The  use  of  this  test  should  aid 
in  do to raining  the  pathology  involved  and  in  the  evaluation  of  therapeutic 
measures.  Skin  temperature  measurements  alone  were  not  of  material  aid 
in  this  respect. 
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APPENDIX  TABLE  3 

CORRELATION  BETWEEN  TH2  TEE  AFTER  INJURT 
AND  THE  CORRECTED  COOI-Ti.G  RAIS  OF  GREAT 
TOSS  WITH  FIRST  DEGREE  FROSTBITE  OF 
PATIENTS  WITH  SECOND  DEGREE  FROSTBITE 
OF  THE  CONTRALATERAL  GREAT  TOES 


D.j?ri  o of  Injury;  1(2) 

Tin?  After  In juryTCc.orjot  d Cooling  Rato 
(dr.yjJ I f*C./s'n./»C.) 


APPENDIX  TABLE  5 

CORRELATION  BExVESN  THE  TIKE  AFTER  IHJURT 
AM)  THE  COTT.ZZTzO  COCIJKO  RATE  OF  GREAT 
TOES  WITH  SECC13  li'X-rjvS  FE03T3IE  OF 
PATIENTS  WITH  UNlUTKilAL  FSOSEnX 
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APPENDIX  TABLE  6 


CORRELATION  BETWEEN  THE  TIKE  AFTER  INJUR! 
AND  THE  CORRECTED  COOLING  RATE  OF  GREAT 


i 


APPENDIX  TABLE  ? 


CORRELATION  BETWEEN  THE  T3HE  AFTER  INJURI 
AND  THE  CORRECTED  COOLING  RATE  OF  GREAT 
TOES  WITH  SECOND  DEGREE  FROSTBITE  OF 
PATIENTS  WITH  THIRD  DEGREE  FROSTBITE 
OF  THE  CONTRALATERAL  GREAT  T0S3 


Deuroo  of  Injury:  2{l)  ! 

Time  After  Injury 

(Corrected  Cooling  Rate 

- (days) 

1 (•C./nin./*C.) 

27 

.0135 

56 

.0018 

56 

.0274 

58 

.0256 

67 

.0191 

78 

.0973 

101 

.0177 

1IA 

.0278 

117 

.om 

L m 

.0377 

rho  • +.482  I 
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AFFENDIX  TABLE  8 

CORRELATION  ESTWT3S1I  THE  THE  AFTER  INJURT 
AND  TIPS  CORRECTED  COOLING  RATS  Cv  GREAT 
TOES  WITH  THIRD  DEGREE  FROSTBIT?  OF 
PATIENTS  WITH  UNILATERAL  FROSTBITE 


Der.rse  of 

Injury:  3(0) 

Tine  After  Injury 

Corrected  Cooling  Rato 

(days) 

(•C./nLe./*C.) 

i; 

.0410 

U7 

.0091 

55 

.0702 

59 

.0366 

71 

.0327 

75 

.0101 

38 

.0185 

rho  - 

-.357 

; ■■l.-h.  1 •'..•li. •»•»•»’•«•.•  X ‘■‘j-*-  - '■-  >^atiaate«a  - •-• .,  n-  wt.v^i. 
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THE  ASOORBIC  ACID  STATUS  0?  NORMAL  aV-DIKHS 
AND  FROSTBITE  CASUALTIES 
KOREA,  1951-52 


I.  INTRODUCTION 

Studies  with  rats  and  guinea  pigs  have  revealed  an  intimate 
relationship  between  cold  acclimatization  and  the  concentration  of 
ascorbic  acid  in  the  endocrine  glands,  particularly  in  the  adrenals  (1). 
In  a study  by  Dugal  and  Fortier  (2),  adult  male  monkeys,  receiving  a 
basal  diet  which  was  fortified  daily  with  325  mga.  of  ascorbic  acid, 
showed  better  acclimatization  and  resistance  to  a cold  environment 
than  those  given  daily  only  a 25  ngm.  supplement  of  vitamin  C.  No 
analyses  of  the  ascorbic  acid  levels  lp  the  blood,  urine  or  tissues  of 
these  animals  were  made.  In  throe  treatises  of  1950-51  (3,4,5)  only 
meager  information  is  noted  regarding  the  alterations  of  vitamin  C 
metabolism  in  mm  under  stress  of  cold.  A study  of  the  effects  of 
ccld  on  ran,  based  largely  on  psychcaotor  and  visual  efficiency  tests, 
was  red  a by  Glicfe’.on  et  al.(6).  They  noted  that  extra  supplement  of 
ascorbic  acid  did  not  enhance  the  ability  of  their  subjects  to  with- 
stand exposures  "either  to  intense  cold  (-20*  F.)  with  protective 
clothing,  or  to  moderate  coolness  (60*  F.)  with  very  little  clothing". 

It  is  logical  to  study  the  vitamin  C status  of  soldiers  afflicted 
with  cold  injuries  to  determine  whether  or  not  there  is  a relationship 
between  manfs  resistance  to  cold  and  his  body  stores  of  ascorbic  acid. 
During  the  winter  of  1951-52  there  was  an  opportunity  to  determine  the 
vitamin  C status  of  large  numbers  of  troops  before  and  after  exposure 
to  the  cnviromr.cnt  of  front-line  ccmbat  during  cold  weather. 


II.  SURVEY  OF  FOOD  HABITS  OP  TOE  FROSTBITE  CASUALTIES 

Upon  admission  to  thr  Osaka  Arny  Hospital,  116  patients  with 
varying  degrees  of  frostbite  were  interviewed  regarding  their  food 
intake  while  stationed  in  Korea.  These  116  cases  of  frostbite 
arrived  at  Osaka  frco  3 to  54  days  (average  9*6  days)  after  injury 
in  Korea. 

A.  Type  of  Food  24  Hours  Frior  to  Frostbite 

The  theater  field  ration  (B  Ration)  was  the  3ole  source 

of  food  for  29  cen.  A cccbin&tion  of  the  field  ration  and 

packaged  rations  for  at  least  one  oeal  was  supplied  to 

47  soldiers,  aicong  when  42  were  given  caifc.it  ration  (C  Ration) 

and  5 the  Individual  Assault  Ration.  There  wore  40  noldiers 

who  subsisted  on  packaged  rations  exclusively  during  the 

24  hours  preceding  frostbite.  The  combat  ration  was  supplied 

to  34  of  those.  40  non,  tho  Individual  Assault  Fatten  to  5 and 

the  Frigid  Trail  Ration  to  one  individual.  Of  tho  34  soldiers 

who  subsisted  cn  ccrbat  rations  exclusively,  30  recalled  all 

the  individual  items  which  ware  conduced  during  the  24  hours 

preceding  frostbite.  It  vas  of  interest  that  20  of  these  30 

subjects  subsisted  cn  combat  rations  exclusively  for  4 to  7 

days  prior  to  frostbite,  and  two  were  required  to  eat  this 

ration  longer  than  one  week,  namely,  for  9 and  12  days. 

Tho  ccnbat  ration  vas  designed  to  supply  approximately  3,400 

calories  in  one  day.*  The  ascorbic  acid  content  was  112  Egra. 

Snarly  100  cf  the  112  ngn.  (f^i)  of  the  vitanJLr.  C was  contained 

"•'Bala  frc-'1-  '-Operational  It' tiers  fc’.cd  by  the  Arced  Forces"  and 
"Quartermstur  Co:y.s  Purchase  Description  Records  of  Kutritive 
Values’’.  9 August  1950.  The  Quartermaster  Food  and  Con- 
ti in  or  Institute,  Inc.,  Chicago,  Illinois. 
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In  the  three  assortments  of  *braad  type*  cine  (called 
B-unlte)  and  In  the  Accessory  Packet.  Either  the  soluble 
coffee  in  the  Accessory  Packet  or  the  cocoa  powder  in  the 
B-l  unit  was  fortified  with  30  mga.  of  ascorbic  acid.  tbm 
soluble  coffee  contained  in  the  B-l,  B-2  or  B-3  unit  was 
fortified  with  1J  m<jn.  of  vitamin  C. 

B,  Caloric  and  Vitamin  C Intake  Prior  to  Frostbite 

Although  the  type  of  ration  was  recalled,  IB  of  the  216 
soldiers  could  not  raneaber  specific  items  of  food  eaten 
2U  hours  before  frostbite,  and  6?  (572)  had  forgotten  the 
Items  of  food  eaten  on  tho  second  day  preceding  their 
Injury,  Six  soldiers  who  were  interviewed  upon  arrival  at 
the  Osaka  Amy  Hospital,  ar.d  re- surveyed  on  the  third  day, 
gave  divergent  statements  regarding  the  individual  food 
items  which  were  eaten  in  Xorea  during  the  day  preceding 
frostbite. 

The  .30  frostbite  patients  who  recalled  the  individual  items 
of  the  ccebat  ration,  revealed  tho  following  intakes  per  fw 
during  24  hours  prior  to  cold  injury* 

2.2  cans  of  moat-type  foods 

1.7  cans,  called  "B-V'd.ta*  (nar.ely,  crackers, cookies, 

Jsas,  beverage  powders  and  candy) 

0.2  cans  of  fruit 
1 to  3 candy  bars 

An  estimate  of  this  intake  was  1800  calories  and  approximately 
50  m^a.  of  ascorbic  acid.  Since  22  of  the  30  men  were  on  thia 
ration  solely  for  4 to  12  days,  such  average  intakes  might 
have  prevailed  for  longer  than  24  hours.  From  the  cjuantities 
of  cccbat  ration  consumed  on  the  front  lines  24  hours  prior 
to  frostbite,  it  was  concluded  that  these  30  soldiers  ingested 


less  than  one  half  of  the  normal  requirement  of  calorie*. 

In  reviewing  the  diets  eaten  2fc  hours  prior  to  frost- 
bite, it  was  found  that  55  subjects  (26  Negro,  25  Kbit# 
and  four  Puerto  Ricans)  recalled  the  individual  iteeis 
of  the  combat  ration  which  comprised  a single  meal.  Proa 
the  consumption  of  the  bread-type  (B-unit)  items,  one  could 
deduce  grossly  to  what  extent  ascorbic  acid  was  ingested 
during  the  single  meal. 

Only  tho  B-r units  which  were  supplied  to  26  Negroes  and 
25  Whiten  during  the  2U  hours  preceding  frostbite  ware  con- 
sidered. '(hero  was  relatively  equal  opportunity  for  ac- 
cepting the  coffee  powder,  cocda  and  jaa  contained  in  the 

% 

8-units.  Tho  percent  acceptance  of  coffee  povier  by  White 
and  Negro  soldiers  was  25.0  and  10.3.  respectively;  the 
percent  acceptance  of  eouoa  powder  was  6i.3  and  33*3,  re- 
spectively (Table  1),  The  percent  acceptance  of  jam  by 
White  awl  Negro  subjects  was  88.0  and  ?5-0,  respectively, 

None  of  the  differences  between  White  and  Negro  percentages 
of  acceptance  were  found  to  be  significant.  The  most  ac- 
ceptable lieu,  namely,  the  jaa  contained  only  2 mgm.  of 
ascorbic  acid.  Tho  coffeo  and  cocoa  powders,  fortified 
with  15  and  30  c^n.  of  vitamin  C,  respectively,  were  fre- 
quently discarded,  along  with  the  sugar  and  milk  powder 
(contained  in  the  E-units).  Other  items  available  in  the 
B-units  (cookies,  crackers  and  candy)  although  containing  no 
or  insignificant  amounts  of  vitamin  C were  rarely  discarded. 

The  individual  daily  intake  of  water  for  116  patients  ranged 


TAELS  1 

ACCEPTABILITT  OF  ASCORBIC  ACID  FORTIFIED  ITSO 
OF  IKS  COMBAT  RATION  ISSUED  24  HOURS 
PRIOR  10  FROSTBITE 


Food  item  and 

Total  items 

No.  of 

Percent  of 

No.  of 

its  Ascorbic 

• 

supplied  to 

Accept- 

Accept- 

3*  E.  in 

Acid  content 

1 1 k"ce 

soldiers 

' ances  _ 

. ances  _ 

DlfXfrcnse 

Coffee  powder; 

15  nga.  ascorbic 

White 

36 

9 

25.0 

1.7 

r.tzro 

89 

4 

10.3 

Jam;  2 mgn. 

>.‘,iite 

25 

22 

83.0 

1.2 

neenrbie  rcid 

V'-ro 

24 

18 

75.0 

Cocoa  powder; 

White 

14 

9 

64.3 

1.5 

30  rngm.  ascor- 
bic acid 

N«*ro 

2 

3 

33.3 

frcn  0.?5  to  3.0  liters  par  day  with  a mean  intake  of  1.1  liters. 

C.  Discussion 

lJie  evaluation  of  nutrition  by  the  technique  of  survey  is 
difficult.  The  data  givo  preemptive  information  in  the  light 
of  many  uncontrollable  factors,  such  as  economic  status,  oc- 
cupation, climate,  clothing,  age,  sex,  food  customs,  state  of 
health  and  the  like.  A survey  in  an  anay  might  be  more  valid, 
since  the  population  is  representative  of  every  section  of  the 
United  States,  and  certain  of  the  aforementioned  factors  en- 
countered in  civilian  surveys  are  absent.  However,  euch 
variables  as  the  physiologic  and  psychologic  stress  of  battle, 
weather,  fear,  food  habits  and  capacity  of  memory,  should  be 
weighed  in  the  final  interpretation  of  the  findings. 

The  reduced  caloric  intake  of  the  soldier  while  subsisting 
on  partial  cor.bat  rations  is  much  more  critical  frees  a 
nutritional,  and  from  a military,  point  of  view  than  is  the 
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sole  omission  of  vitamin  C.  The  Importance  of  adequate 
caloric  intake  in  cold  weather  for  as  brief  a period  as 
2 to  3 days  wsa  .exemplified  among  soldiers  in  the  reports 
of  Kark,  Johnson  and  Lewis  (7,8).  A toughened,  healthy 
platoon  of  17  infantrymen,  on  maneuvers  under  subarctic 
winter  conditions,  subsisted  solely  on  beef  peimdcan 
(dehydrated  prime  beef  with  added  suet),  tea  and  tobacco. 
The  intake  approximated  1,500  to  1,700  calories  (comparable 
to  the  intakes  of  the  30  cases  of  this  report)  while  the 
work  output  was  about  4,500.  The  vitamin  C content  of  the 
ratio:,  waj  zero.  Within  48  to  72  heurs  the  morale  and 
physical  fitness  deteriorated  so  as  to  render  the  men  "com- 


pletely useless  operationally".  They  felt  the  cold  keenly 


in  contrast  to  their  usual  good  adaptation  to  outdoor  tempera- 
tures as  low  as  -30*  P»  With  supplements  of  biscuits,  oatmeal. 


mnv  and  condiments  recovery  was  reasonably  good,  hut  full 
■rigor  was  not  manifested  until,  given  a week  of  rest  on  garrison 
rations.  It  was  interesting  to  note  that  ascorbic  acid, 
eliminated  in  tho  fasting  urine,  unlike  the  members  of  the 
vitamin  B carpi ex  (thiamine,  riboflavin  and  nicotinic  acid) 
fell  from  0.7  mga.  per  hour  before  the  test,  to  0*4  mga.  per 
hour  after  3 days  of  ration.  Blood  levels,  however,  were 
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not  reported. 

The  results  of  the  1951-52  winter  survey  relative  to  food 
habits,  although  gleaned  from  a seaall  number  of  casualties, 
suggested  strongly  that  the  frostbitten  front-line  soldier 
(subsisting  exclusively  on  the  combat  ration)  was  perhaps 
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handicapped  by  Insufficient  calories.  Concomitantly, 
his  vitamin  (and  particularly,  vitamin  C)  intake  Me 
reduced.  Ths  sain  sources  of  ascorbic  acid  in  the  canbst 
ration  were  fortified  foods  which  were  poorly  relished 
by  these  soldiers.  Since  22  of  30  soldiers  interviewed  had 
combat  rations  exclusively  for  more  than  24.  hours,  the 
findings  with  respect  to  the  ingestion  of  calories  and 
vitamin  C take  on  added  significance. 

The  discarding  by  soldiers  of  the  vitamin  C fortified 
foods,  namely,  coffee  and  cocoa  powders,  recalls  a similar 
situation  in  World  War  XI.  The  main  source  of  ascorbic 
acid  supplied  to  troops  in  Dutch  Kew  Guinea  (9)  and  in 
Italy  (10)  was  obtained  in  a synthetic  lemon  powder  . This 
item  was  not  relished,  and  it  was  discarded  by  an  over- 
whelming majority  of  the  men.  Moreover,  both  nona&l  personnel, 
and  random  hospital  admissions  showed  low  levels  of  vitamin  C 
in  the  blood. 

HI,  ORAL  UOADIlir,  ( nSinnV.TI0Hn)  TESTS  WITH  ASXHBIC  ACID 

To  more  information  regarding  the  vitamin  C stores  in 
soldiers  afflicted  with  frostbite,  loading  teats  were  started  Immediate- 
ly upon  admission  to  the  Osaka  A ray  Hospital  in  Japan.  According  to 
the  saturation  theory,  "the  highest  health  and  efficiency  are  achieved 
when  loading  tests  reveal  a high  level  of  vitamins  in  the  body"  (11). 

From  the  quantity  necessary  to  maintain  saturation,  or.e  may  deduce  that 
satisfactory  to  optimum  requirements  may  lie  proportionately  below 
this  amount. 

In  the  usual  "saturation"  technique  reported  in  the  literature, 
there  is  induc<  i a sudden  flooding  of  the  body  stores  with  several  hundred 


to  a thousand  milligrams  of  ascorbic  acid  by  oral,  but  more  usually 
by  parenteral,  means.  The  amount  of  vitamin  C in  urine,  blood  or  both 
is  determined  after  one  to  several  hours  following  the  test  dose.  The 
studies  reported  here  were  conservative,  if  not  therapeutic  in  design* 
supplying  orally  250  mgi.  of  preformed  vitamin  C dally.  These  loading 
trials  were  not  of  the  short-tern" flooding"  type*  hut  based  rather  on 
analyses  of  fasting  sera  and  the  corresponding  urines  2 4 hours  after 
the  administration  of  the  vitamin.  From  a nutritional  point  of  view 
such  an  approach  may  give  better  proof  of  saturation. 

Between  December  1951  and  April  1952  a total  of  95  saturation 
studio's  ware  completed,  43  being  with  White  patients,  47  with  Kegro 
uni  five  with  Puerto  Ricans.  These  patients  were  evacuated  In  mnall 
numbers  by  air  from  the  Cold  Injury  Center  in  Korea  to  Osaka,  Japan, 
resulting  In  a staggering  of  the  loading  trials  throughout  the  winter. 
Based  0.1  the  final  diagnoses  41  had  second  degree,  35  third  degree 
and  15  fourth  degree  frostbite.  Of  the  remaining  four  subjects,  two 
had  first  degree  froetbite  (the  mildest  category)  and  two  the  "ill- 
classified  condition  of  the  feet".  The  studies  usually  extended  for 
a month  with  extremes  of  termination  varying  from  2.5  to  6 weeks. 

It  is  emphasized  that  the  data  did  not  begin  with  the  firet  post- 
injury  day  in  Korea,  but  on  an  average  of  9.6  days  later,  after  the 
casualty  was  evacuated  to  Japan.  The  interval  between  the  occurrence 
of  frostbite  in  Korea  and  the  initiation  of  loading  tests  in  Osaka, 
Japan,  ranged  from  3 to  54  days.  Comparing  the  Whites  and  Negroes, 
the  interval  between  the  occurrence  of  cold  injury  and  evacuation  to 
Japan  was  relatively  equal.  The  determinations  of  ascorbic  acid  in 
sera  and  urines  of  95  frostbite  patients  in  relation  to  time  of  ad- 
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mission  to  tbs  Osaka  Army  Hospital  were  as  follows! 


Say*  of 

Sera 

Urine 

Admission 

Patients 

Analyses 

An&lrsee 

1 

80 

80 

69 

2 

1 

1 

1 

3 k 

1 

1 

1 

5 

10 

10 

10 

t 

3 

3 

3 

fifteen  of  the  preceding  95  patients  had  subsisted  on  the  hospital 
diet  for  2 to  8 days  before  the  first  determination  of  ascorbic  acid  in 
their  sera  and  urines  was  made.  Only  the  data  of  80  subjects,  examined 
on  the  first  day  of  admission  and  serially  to  the  ninth  day,  are  streased 
In  this  report*  the  results  before,  and  after,  supplementation  with 
ascorbic  add  are  discussed  separately. 

A.  Dietary  Man 

The  "basal  period*  or  "pre-saturation  period"  in  this  study 
.refers  to  the  nunber  of  days  which  the  frostbite  patients 
subsisted  on  standard  hospital  diets  without  vitamin  supple- 
ments. For  86  of  the  95  subjects  this  basal  period  lasted 
froi  3 to  9 days  and  for  the  remainder  frost  3 to  15  days. 

On  three  separate  mornings  determinations  of  the  ascorbic 
acid  content  of  fasting  blood  and  urine  were  made.  These 
values  are  referred  to  as  "basal  determinations*. 

After  basal  determinations  of  the  ascorbic  acid  content  of 
the  blood  and  urine  were  made,  each  patient  was  started  on 
the  saturation  test  by  being  given  ti»  tablets  of  vitamin  C of 
$0  aga.  each  and  two  multivitamin  tablets  following  breakfast. 
The  total  preformed  vitamin  C supplied  daily  was  250  mgs-  The 
patients  were  served  three  hot  meals  and  an  evening  snack  in 
bed.  Usirg  the  food  values  listed  by  Bowes  and  Church  (12), 
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t. 

V 

the  average  daily  calorie  intake  according  to  the  daily 
menu  between  December  1951  and  Kerch  1952  ranged  frat 
3,704  to  3(940  calories  with  a mean  of  3(829*  This  total 
does  not  Include  the  candy  and  beverage  puixhased  by  the 
individual  patient  from  the  hospital  post  exchange.  The 
ascorbic  acid  content  of  the  hospital  diets  ranged  from 
157  to  203  mgm.  daily  with  a mean  of  164  m o».  The  actual 
intake  values  were  presumably  such  less  when  one  considers  a 
kitchen  and  plate  waste  of  approximately  22S  of  the  calorie 
value  of  edible  food  and  destruction  of  vitamin  C in  storing* 
processing*  cooking  and  warming  Of  food  on  the  steam  table  (13)* 
Such  losses  may  approach  35  to  over  70£  (12,14,15,16,17,18). 

The  food  samples  were  not  analyzed  in  this  study. 

In  summary,  the  frostbite  casualty  was  supplied  (but  did 
not  necessarily  ingest)  approximately  184  mgm.  of  ascorbic 
acid  from  the  unsupplemented  hospital  regime  during  the  basal 
period  and  theft  a total  of  434  mgm.  (184  plus  250)  daily  for 
the  remainder  of  his  hospitalization.  This  is  over  eight 
times  the  daily  level  recconended  for  normal  individuals  by 
Army  Regulation  40-250,  over  four  tines  that  by  the  National 
Research  Council  (19)  and  more  than  14  times  that  recommended 
by  the  Canadian  Council  on  Nutrition  (20)  or  British  Accessory 
Food  Factors  Cccsnittee  (21).  Both  the  American  and  Canadian 
. councils  have  indicated  that  the  daily  requirement  for  ascorbic 
acid  namely  75  and  30  afT1..,  respectively,  "arc  without  adding 
ssargins  of  safety  of  additions  for  illness  or  injury". 

B.  Experimental  Procedure 

The  determination  of  vitamin  C in  serum,  urine  and  vesicular 
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fluid,  as  mil  as  tha  procedure  of  collecting  fasting  urine 
la  tha  field,  is  described  in  the  text,  "Metabolic  Methods" 
(22)  • Ascorbic  acid  ms  measured  by  a nlcrenethod,  titrating 
the  aetaphosphoric  acid  filtrates  with  tha  dye,  2-6  diehloro- 
phenollndophenol.  With  each  group  of  blood  samples,  the  dye 
ms  standardized  against  a weighed  amount  (100  ngt,)  at 
crystallin  vitamin  C (Merck). 

Mien  tha  probleu  of  measuring  ascorbic  acid  In  urine  arose 
it  ma.  agreed  that  analyses  of  the  fasting  hourly  urinary 
elimination  rather  than  24  hour  collections  would  be  expedient 
for  the  following  reasonst 

1.  Collection  ertors 

The  shorter  the  period,  the  greater  the  accuracy  in 
quantitative  collection  of  urine  of  bed  patients. 

2.  Oxidation  of  vitamin  C in  tha  urine 

in  specimens  r>  -Lining  at  an  average  ward  tosperature 
of  70* -74*  It',  tor  24  hours  the  factor  could  be  altered 
by  possible  bacterial  contamination. 

3.  less  disturbance  of  the  patients 

in  order  to  obtain  the  best  cooperation,  it  was  desirable 
to  minimize  the  duration  of  the  study  since  the  casualty 
also  was  subjected  to  other  tests  and  medications  which 
could  affect  urinary  output. 

The  field  method  for  collecting  fasting  urine  is  designed 
for  ambulatory  subjects,  and  proposes  the  ingesticn  of  "at 
least  one  half  pint  of  water,  in  order  to  insure  diuresis" 
after  a 60  to  90  minute  period.  This  amount  was  insufficient 
for  the  frostbite  bed-patier.t.  The  bed  patients  had  difficulty 
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in  emptying  the  bladder  on  demand  and  the  urine  volumes 
Mere  usually  very  low.  To  await  additional  quantities 
of  urine  would  delay  breakfast  until  late  in  the  morning 
and  interfere  with  other  hospital  routines.  For  these 
reasons,  1 to  1 1/2  pints  of  water  were  ingested  to  obtain 
an  adequate  amount  of  urine  within  60  to  90  minutes.  The 
following  procedure  was  used..  Before  breakfast,  at  0.^0  hours, 
the  individual  emptied  his  bladder  and  the  urine  was  discarded. 

A venous  saaple  of  blood  waa  drawn.  The  time  was  noted  when 
be  drank  the  water  and  when  he  voided  -SO  to  90  minutes  later. 

The  total  volisae  was  recorded,  and  an  aliquot  was  preserved 
with  oxalic  acid*  The  sample  was  stored  in  a refrigerator  until 
subsequent  analysis  that  same  morning.  Duplicate  aliquots 
(0.1-0.5  cc.)  were  titrated  with  the  dye  solution.  For  sera, 
the  titrations  of  the  filtrates,  although  in  duplicate,  were 
performed  from  a single  blood  specie*.  All  tests  were 
performed  fay  cne  individual  (L.J.P.),  and  the  fleeting  end- 
points of  the  titration  agreed  within  0.1  ml. 

Although  food  waa  omitted  between  1930  hours  (the  bed-time 
snack)  and  0730  hours,  water  wi  not  limited.  The  t»rd  "fasting" 
(e.g.  fasting  serum  or  fasting  urine)  is  to  be  interpreted  with 
this  reservation.  The  concentration  of  ascorbic  acid  in  serum 
is  expressed  as  "milligrams  (nga.)  per  100  cc".  The  quantity 
of  ascorbic  acid  eliminated  in  the  fasting  urine  is  expressed 
as  the  total  "milligrams  per  hour".  This  hour  refers  to  the 
60  minutes  immediately  preceding  the  end  of  the  12  hour  fast, 
and  it  is  not  to  be  interpreted  as  an  amount  which  was  excreted 


hourly  during  any  other  time  of  day. 
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Since  the  normal  value  o:'  ascorbic  acid  In  the  sense 

of  adult  humans  is  not  clearly  established  in  the  literature 

the  following  ratings  were  arbitrarily  madei 

"Poor”  - 0.39  mgn.  per  100  ee.  or  lees 
"Fair"  - 0.40  to  0.79  mga.  per  100  er. 

"Satis factor"  - 0.60  to  0.99  mga.  per  100  cc. 
"Excellent"  - 1.00  mgsu  per  100  ee.  or  higher 

C.  Results 

1.  Pre-loading  values 

The  mean  ascorbic  acid  concentration  of  the  fasting  sera 

of  SO  patients  on  admission  to  the  Osaka  Army  Hospital  was 

\ 

0.60  mgs.  per  100  ee.  (Table  2).  Comparisons  between  the 

TABLE  2 • 

INITIAL  KEAN  SERUM  ASCORBIC  ACID  LEVELS 
FOR  80  FROSTBITE  PATIENTS 


Race 

No.  of 
Patients 

.--(Fasting) 

Kean  Sanaa 

Ascorbic  Acid 
tmr/100  cc. 

Standard 

Devictioo 

Wilts 

34 

0.63 

m 1 

Negro 

U 

0.56 

Puerto  Rican 

5 

Combined 
(Grand  Kean) 

80 

0.60 

WKM 

mean  values  of  White  and  Negro  subjects  showed  then  not 
to  be  significantly  different  (Table  3).  Table  k ahown 
comparisons  of  levels  of  ascorbic  acid  in  sera  of  80  sub- 
jects tested  on  their  first  day  of  hospitalization  and 
during  the  basal  period.  The  averages  decreased  fron 
0.60  mgs.  per  100  cc.  on  day  1,  to  0.51  mga«  on  day  3 snd 
then  rose  to  0.72  mgn.  toward  the  end  of  the  teat  period. 
The  only  alteration  among  these  values  showing  statistical 


RACIAL  COMPARISONS  OF  INITIAL  MEAN  SERUH  ASCORBIC 
ACID  VALUES  FOR  SO  FROSTBITE  PATIENTS  - 


Mean  Sena 
Ascorbic  Acid 


Fastin 


34 


41 


34 


Standard 

Deviation 


Puerto  Rican 


Tuerto  Rlc 


♦ 

7 

f tf&itmk 

0.975 

>.30 

♦ 

± 

mm 

0! Sh 

0.593 

>.50 

0.356 

>.70 

TABLE  4 

COMPARISON  OF  DAILT  HEAN  SERUH  ASCORBIC  ACID  VALUES  OF 
00  FROSTBITE  PATENTS  KITH  RESPECT  TO  NUMBER  OF 
DAIS  SUBSLSTIMG  Ob'  ABE  HOSPITAL  DIET 


Mean  Sena 


Subjects 


HW'MIimi 


Standard 

Deviation 


\Wb£SES5M 


0.206 

>.90 

1.863 

>.10 

0.749 

>.50 

1.556 

>.20 

1.774 

>.10 

0.840 

>.50 

1.731 

>.10 

1.515 

>.20 

2.804 

<.01 

0.225 

>.90 

■ 


mm 


significance,  however,  was  that  between  the  lowest  and 
* highest  values,  corresponding  to  day3  and  days  6 to  9* 
respectively. 

The  grand  seen  of  263  analyses  made  on  80  patients  during 

the  pr»r saturation  period  was  0.58  «gm.  of  vitaain  C per  ICO  cc. 

of  senau  In  contrast,  the  grand  wean  value  of  $2  sera  analyses 

of  ascorbic  acid  made  for  15  additional  patients  whose  studies 

began  between  the  second  and  eighth  day  of  hospitalisation  and 

terminated  between  the  fifth  and  fifteenth  day  before  beginning 

the  loading  triala  with  vitamin  C,  was  0.63  wgm.  per  100  ec. 

tm«  average  of  0.68  eg>>  was  significantly  higher  than  the 

naan  of  0.58  ajp.  noted  for  the  analyses  of  the  80  subjects 

(t  - 2.638;  PC.001),  from  a nutritional  rating,  however, 

these  weans  (0.58  and  0.68  mga.)  axe  of  the  sane  order  and  were 

not  saturated  according  to  many  values  cited  In  the  literature. 

the  data  of  the  80  subjects  suggest  that  during  the  basal  teat 
# 

period  of  nine  days  the  diet  alone  maintained  or  slightly  im- 
proved the  vitamin  C concentrations  of  the  blood  ss  noted  on 
the  first  day  of  hospitalisation,  The  difference  of  the  means 
throughout  the  basal  period,  either  for  the  80  subjects  or 
the  remaining  15,  did  not  vary  by  more  than  0.2  *£*•  ascorbic 
acid  per  100  cc. 

The  distribution  of  315  analyses  of  fasting  sera  of  95  patients 
examined  during  the  basal  period  is  shown  in  Table  5*  Fairly 
equal  representation  of  the  values  was  found  among  the  White  and 
Hegro  subjects.  The  lowest  levels  of  sensa  ascorbic  acid, 
namely,  0.15  to  0.39  mgm.,  appeared  in  3#  of  the  analyses  and 


were  show  by  26  ot  ths  95  patients.  likewise,  1?  of  the 
95  casualties  showed  initial  sera  concentration  of  QJ&5 
to  1.50  mgs.  of  ascorbic  acid  per  100  cc.  which  were  rated 
satiafactoi7  to  excellent.  During  the  basal  test  period 
the  values  eshibited  by  these  19  men  remained  essentially 
unchanged,  the  single  highest  fasting  senna  level  noted 
among  the  Negroes,  Whites  and  Puerto  Ricans  was  1.30,  1.46 
and  1.50  age.  of  vitamin  C per  ICO  cc.,  respectively. 

table  5 

DISTRIBUTOR  OF  S2RIM  ASCORBIC  ACID  VALUES  TOR 
95  FROSTBITE  PATlarTS  SUBSISTING  FOR  9 DAIS 
OV-AEKT  HOSPITAL  DIETS 


Analyses 

Rating  With  Range  of  Sens?  Analyses  Analyses  Far  5 
Respect  to  AncArblc  Acid  Por  32  For  A?  Puerto 
Vitamin  C cc.  VMtea  Werrocs  P.tc*ns 


l Poor  0.15 

| Fair  0.40 

i Satisfactory  0.80 
; Excellent VCO 


0.15  to  0.39  30  48  8 

OJ \0  to  0.79  65  70  4 

0. 80  to  0.99  19  25  l 

1. CO  to  1.50  21  12 & 


Total 
Analyses 
No.  | j~ 

94  3U.0 

139  44.0 

45  14.0 

37  12.0 


Only  69  individual  samples  of  fasting  urine  were  collected 
fros  thu  80  patients  whose  sera  were  analyzed  on  the  first 
day  of  hospitalization  in  Osaka.  The  mean  milligrams  of 
vitamin  C eliminated  in  the  urine  during  the  fasting  hour 
was  1.47  (Table  6).  Comparison  of  the  mean  levels  of  ascorbic 
acid  in  urines  of  these  69  patients  in  accordance  with  race 
demonstrated  no  significant  differences  (Table  7).  When  the 
levels  of  ascorbic  acid  in  the  sera  of  Whites  and  non-Whites, 
respectively,  were  caspared  with  the  corresponding  amounts 
of  vitamin  C eliminated  in  the  urine,  no  correlation  was  demon- 
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INITIAL  MEAN  HOURLY  URINARY  ASCORBIC  ACID  VALUES 
FOR  69  FROSTBITE  PATIENTS  . 


White 

Negro 

Puerto  Rican 


Grand  Mean 


♦ 1.175 


TABLE  7 

RACIAL  COMPARISON  OP  INITIAL  KEAN  HOURLY  URINARY 
ASOORBIC  ACID  VALUES  POS  69  FROSTBITE  PAHEJT3 


Henn  Hourly  Urinary 

Ascorbic  Acid  Standard 

ir.r-i/XOO  cc.  Deviation _ 


0.214 

>.90 

0.552 

>.60 

0.509 

>-70 

o Rican 


Puerto  Rican 


atrated.  Likewise  when  the  69  values  of  aecorbic  acid  in 
sera  of  the  combined  races  and  69  values  in  corresponding 
urines  were  ccopared,  no  correlation  was  observed.  The  "r" 
value  for  the  product-decent  correlation  of  all  the  data 
was  0.0 42.  These  results  proved  that  there  was  no  correlation 
between  fasting  sera  levels  of  vitardn  C (nga.  per  100  cc.) 
and  the  amounts  (jigm.  per  hour)  eliminated  in  the  correspond- 
ing urine  during  the  first  day  of  hospitalisation  in  Osaka,. 


Iht  comparison  of  the  daily  mean  level  of  ascorbic  acid  in 
urines  of  79  frostbite  patierts  in  accordance  with  the  manber 
of  days  they  subsisted  on  the  standard  diets  of  the  Osaka  Amy 
Hospital  is  shown  in  Table  8.  The  largest  number  of  tests  was 
Bade  cn  day  2 and  the  smallest  on  days  A and  5 (range  9 to  79). 
The  average  excretion  per  day  decreased  freer  a mean  of  1.A7  nos, 
ascorbic  acid  per  hour  on  day  1 to  1.2A  *£?»*  P«r  hour  on  day  3» 
subsequently  rising  to  2.1?  mgm.  per  hour  on  days  A and  5,  and 
falling  to  1.A9  n#s.  per  hour  (the  initial  value)  on  days 
6 and  9.  The  difference  between  the  maximum  and  minimum  mean 
values  of  ascorbic  acid  excreted  per  hour,  namely,  2.13  and 


1.2A  mgn.« ,,  respectively,  was  not  significant. 

j i the  grand  mean  of  257  urine  values  obtained  from  80  frostbite 

subjects  during  the  9-day  basal  period  was  1.39  (i  1*093) 
i ascorbic  acid  per  hour.  In  contrast,  the  mean  of  A5  urine 

! j analyses  of  ascorbic  acid-  obtained  from  the  15  patients  whose 

I t studies  began  between  the  second  and  eighth  day  of  hospitali- 

I ( nation  and  terminated  between  the  fifth  and  fifteenth  day  before 

| ' beginning  the  loading  trials  with  vitamin  C was  1.28  (1  0.86A)  ngc. 

per  hour.  The  difference  between  these  averages  was  not  signi- 
j ficant  (t  - 0.735;  P ».5).  It  was  evident  that  alterations 

t 

; of  the  concentration  of  vitamin  C in  blood  were  more  critical 

j than  those  in  urine.  The  urine  values  substantiate  the  con- 

{ elusion  that  the  unsupplenented  hospital  diet  (estimated  daily 

f * content  of  18A  mga.  of  ascorbic  acid)  wa3  not  able  to  increase 

t 

i r significantly,  during  the  basal  test  period,  the  quantities  of 

I 

I '('■■  ' ‘ O 

J 
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COMPARISON  OF  KEAN  HOURLY  URINAHT  A300RSTC  ACID 
VALUES  FOR  79’  PATIENTS  WITH  RESPECT  TO  TOfflEE 
OF  DAIS  SUBSISTING  ON  ARMY  HOSPITAL  DIET 


Kean  Hourly  Urinary 

Days  After 

Subjects 

Ascorbic  Acid 

Standard 

Admission 

(Fasting) 

mm/100  ce. 

Deviation 

t 

P 

1 

69 

1X1 

11.175 

0.282 

>.80 

2 

79 

1.42 

♦0.956  __ 

1 

3 

69 

73 

1.47 

1.24 

1 1.175 
10.960 

1.274 

>.30 

1 

4-5 

69 

9 

1.47 

2.13 

1 1.175 
♦ 2.762 

0.709 

>.50 

1 

69 

1.47 

5 1.175 

0.085 

>.90 

6-9 

12 

1.49 

10.732 

2 

3 

79 

73 

1.42 

1.24 

10.556 

♦0.950 

1.15* 

>•30 

2 

79 

1.42 

10.956 

0.766 

>.50 

4-5 

9 

2.13 

12.752 

2 

79 

1.42 

1 0.956 

0.321 

>.80 

6-9 

12 

1.49 

10.732 

3 

73 

1.24 

10.960 

0.960 

>.40 

4-5 

9 

2.13 

12.762 

3 

73 

1.24 

10.960 

1.135 

>.30 

6-9 

12 

1.49 

1 0.782 

4-5 

9 

2.13 

12.762 

0.681 

>.50 

6-9 

13 

1.49 

10.782 

vitamin  C eliminated  in  urine  which  were  reported  on  the  first 


day. 

The  distribution  of  302  values  of  vitamin  C in  fasting  urine 
collected  free  95  frostbite  subjects  during  the  basal  period 
is  noted  in  Table  9.  The  urine  values  of  ascorbic  acid  ranged 
from  0.13  to  1.9  nga.  per  hour  in  87^  of  the  analyses.  Such 
values  are  commonly  quoted  for  normal  adults  in  the  literature. 
However,  13t>  of  the  urine  data,  representing  29  individuals, 
showed  very  wide  variations,  namely,  from  2.0  to  8.85 
per  hour.  The  highest  eliminations  of  vitamin  C among  Puerto 


l 
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Ricans,  Negroes  and  Whites  were  5*90,  7*30  and  8.85  agn. 
per  hour,  respectively. 

TABLE  9 

DISTRIBUTION  OF  KEAN  HOURLY  URINARY  ASCORBIC  ACID 
VALUES  FOR  95  PATIENTS  SUBSISTING  9 DAYS  ON  ARMY  HOSPITAL  DIET 


Hourly  Urinary  Analyses  Analyses 

Range  of  for  4,3  for  47 

Ascorbic  Acid  Whites  Negroes 

mm/100  ec. No.  No. 

0.13  to  0.99  51  61 

1.00  to  1.90  70  70 

2.00  to  2.90  7 12 

3.00  to  3.90  3 7 

4.00  to  4.90  1 0 

5.00  to  5.90  2 0 

6.00  to  6.90  1 0 

7.00  to  7.90  0 1 

8.00  to  8.85  1 0 


Analyses 
for  5 
Puerto 
Ricans 
No.  ~ 


Total 


Total 

136 

151 

15 

302 

100.0 

2.  Oral  Loading  Values 

The  loading  studies  comprised  496  analyses  of  the  fasting 
blood  and  496  determinations  of  the  corresponding  urines. 
Although  it  was  planned  to  supply  daily  a 250  ago.  sup- 
plement of  ascorbic  acid  for  25  days,  the  final  tally 
showed  that  31  of  the  95  subjects  had  missed  a dose  for 
1 to  3 days  and  one  patient,  a negro,  had  not  taken  the 
supplement  for  four  consecutive  days. 

Since  the  prool  of  saturation  with  vitamin  C for  the 
majority  of  the  patients  was  manifested  before  any  of 
the  "missed"  doses  occurred,  the  final  conclusions  were 
not  materially  affected  by  this  error  in  management. 
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Ths  alterations  of  the  mean  serum  ascorbic  add  levels 
for  95  patients  after  loading  with  250  mgm.  daily  over  a 
period  of  25  days  are  shown  in  Table  10.  Comparlikj  the 
grand  mean  value  of  0.60  mgm.  of  ascorbic  acid  per  100  ec. 
during  the  basal  period  with  each  mean  found  on  subse- 
quent days  of  supplementation,  a significant  rise  was 
noted  as  early  as  2 U hours  after  the  first  dose*  lbs 
highest  mean  vitamin  C value  In  the  serum,  after  10  to  12 
days  of  supplementation,  was  1.22  mga.  per  100  cc.  It  la 
possible  that  this  mean  level  night  have  been  higher  had 
there  been  no  emission  of  the  daily  ascorbic  add  supple- 
ment by  certain  subjects. 

There  appears  to  be  an  inverse  linear  relationship  be- 
tween the  initial  levels  of  vitamin  C and  the  masher  of 
days  which  one  had  to  supplement  the  hospital,  diet  with 
the  factor  in  order  to  saturate  the  blood  with  ascorbic 
acid  (Table  11).  At  the  time  of  admission  to  the  Osaka 
Army  Hospital  28  frostbite  patients  *ho  showed  relatively 
low  senia  levels  of  vitamin  C,  namely,  0.22  to  0.39  mgm* 
per  100  cc.  averaged  5.2  days  (equivalent  to  1,300  mgm. 
of  preformed  ascorbic  acid)  before  the  criterion  of 
saturation  in  blood  was  satisfied.  Likewise,  56  cases 
consumed  in  0.8  to  3*9  days  between  200  and  975  mg*.  of 
additional  vitamin  C (not  including  the  amount  in  the 
diet)  before  saturation  was  attained.  The  11  subjects 
who  showed  relatively  high  levels  of  serum  ascorbic 
acid  at  the  time  of  their  admission  to  the  hospital. 


f TABLE  10 

1 OCtiP  ARISON  OF  MEAN  SERUM  ASCORBIC  ACID  LEVELS  OBTAINED  IN  THE 

PRE-SATURATION  PERIOD  FOR  95  FROSTBITE  PATIENTS  WITH  RESPECT 
TO  SELECTED  INTERVALS  OF  THE  SUPPLEMENTATION  PERIOD 


! 

Days  of 

Supplementation 
with  Vit.  C 

No.  of 

Analyses 

Mean  Serum 
Ascorbic  Acid 
rm/100  cc. 

Standard 

Deviation 

t 

P 

! t 

i ■= 

0 {Pre-Satura- 
tion Period) 

315 

0.60 

t 0.292 

- 

- 

i • 

1 

60 

0.70 

1 0.322 

2.24 

<.02 

i 

2 

AO 

0.84 

* 0.313 

4.61 

<.001 

, ; ( 

3 

46 

1.05 

♦ 0.308’ 

9.31 

<.001 

4-6 

71 

1.08 

* 0.244 

14.39 

<.001 

f • J* 

7-9 

62 

1.14 

♦ 0.268 

14.2? 

<.001 

} 

10-12 

48 

1.22 

1 0.265 

14.86 

<.0C1 

l ■ - 

13-16 

57 

145 

♦ 0.240 

15.34 

<.001 

17-20 

55 

1.11 

♦ 0.253 

13.48 

<.001 

\ 

» ' 

21-25 

57 

1.08 

1 0.214 

14.63 

<.001 

i 

I 


TABLE  11 

AMOUNT  OF  PRSFORJSD  ASCORBIC  ACID  AND  TOE  IN  DAYS 
REQUIRED  70  ACHIEVE  SERUM  SATURATION  FOR  95 
FROSTBITE  PATIENTS 


Eating  with 
Respect  to 
Vitamin  C 

No.  of 

Cases 

Percent 
of  Case3 

Range  of  Initial 
Kean  Serum  Ascor- 
bic Acid  levels 

rn  "t*/'!  OH 

Kean  Days 
to  Achieve 
Saturation 
in  Serum 

Total  Preformed 
Ascorbic  Acid 
Given  per 
Patient  Lr.T'.) 

Poor 

' 2C 

29.5 

under  0.3? 

5*2 

. 1300 

Fair 

44 

46.3 

0.40  - 0.79 

3.9 

97. 

Satisfactory 

12 

12.6 

0.80  - 0.99 

0.8 

200 

Excellent 

11 

11.5 

over  1.00 

. None 

None 

Total 

95 

99.9 

rarely,  Iron  0.35  to  1.50  ngn.  per  100  cc.  were  considered 


saturated  with  respect  to  this  factor  from  the  start. 

For  these  11,  the  'ir.supplencntcd  hospital  diet  alone  was 


1 
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sufficient  for  maintaining  their  ini4  ml  levels  of 
vitamin  C throughout  their  pre- saturation  period* 
Saturation  corvee  of  aena  end  urine  eecorbie  acid 
levels  for  the  frostbite  casualty,  11  to  50  days  post— 
injury,  were  Bade  (Figure  l).  Example  saturation  curves 
for  first,  second,  third  and  fourth  degree  frostbite  had 
relatively  similar  patterns  (Figures  2,3, 4,5).  -the  Im- 
mediate fall  Is  the  levels  of  ascorbic  add  In  serum  and 
in  urine  as  shown  in  Figure  4 following  the  withholding 
of  the  supplement  for  3 days  is  noteworthy. 

The  alterations  of  the  levels  of  ascorbic  acid  In  the 
urine  of  93  frostbite  patients  after  daily  loading  with  the 
factor  are  shown  in  Table  12.  Comparing  the  grand  mean 
value  of  1*37  mga.  of  ascorbic  arid  per  hour  in  the  urine 
during  the  basal  period  with  each  mean  found  on  subsequent 
days  of  supplementation,  a significant  rise  was  noted 
48  hours  after  the  first  dose.  In  comparison,  significant 
increase  in  the  vitamin  C content  in’  sera  became  manifested 
one  day  sooner  (Table  10).  The  mean  level  of  vitamin  C in 
the  urines  beginning  with  the  second  day  of  loading,  ranged 
from  2.26  to  6.16  agm.  per  hour,  which  was  equivalent  to 
1.5  to  4*5  times  the  urine  values  noted  Initially. 

The  highest  mean  excretion  of  ascorbic  acid  in  the  urine 
was  6.16  mga.  per  hour.  It  is  possible  that  this  mean  level 
might  have  been  higher  had  there  been  no  omission  of  the 
daily  ascorbic  acid  supplement  by  certain  subjects.  The 
very  high  and  inconstant  standard  deviations  shown  in  the 
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DAYS  FROM  ADMISSION  TO  OSAKA  ARMY  HOSPITAL 

FIGURE  t.  ASCORBIC  AQIO  CURVES  OF  80  FROSTBITE  PATIENTS  BEFORE  AND  AFTER 
LOAOINC  WITH  VITAMIN  C 


FIGURE  S.  VITAMIN  C LEVELS  OP  SENA  AND  UNINES  BEFORE  AND  AFTER  LOADING 
TESTS  CASE  N0.3S  WHITE  *•  FROSTBITE. 
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analyses  of  the  urines  (Table  12)  as  cat  pa  red  with  those 
of  the  sera  (Table  10)  demonstrate  the  narked  variability 
In  the  results  of  the  former.  Such  inconstant  levels  of 
ascorbic  add  in  urine  depreciated  further  the  value  of 
.urine  determinations  as  a means  of  evaluating  saturation 
with  vitamin  C under  the  conditions  of  this  study. 

TABLE  12 

COMPARISON  OP  KEAN  HOURLY  URCTART  ASCORBIC  ACID  VALUES  OBTAINED  IS  TUB 
PRE-SATURATION  PERIOD  POP.  95  FROSTBITE  PATIENTS  HITH  RESPECT  TO 
SELECTED  INTERVALS  OF  THE  SUPPLEMENTATION  PERIOD 


Days  of 

Supplementation 
with  Vit.  C 

No.  of 

Analvses 

Kean  Hourly  Urinary 
Ascorbic  Acid 
swnAOO  ce. 

Standard 

Deviation 

i t 

P 

0 (Pre-Satura- 
tion Period) 

302 

1.37 

♦ 1.063 

- 

- 

1 

60 

1.60 

± 1.272 

1.34 

>.10 

2 

AO 

3.25 

1 3.248 

3.64 

<.001 

3 

46 

2.26 

1 1.491 

3-90 

<.001 

4-6 

71 

3.49 

♦ 2.614 

6.71 

<.001 

7-9 

62 

6.16 

1 6.859 

5.48 

<.001 

10-12 

48 

3.96 

1 3.845 

4.63 

<.001 

13-16 

57 

3.05 

♦ 2.237 

5.56 

<.001 

17-20 

55 

3.08 

1 2.236 

5.57 

<.001 

21-25 

57 

2.66 

♦ 2.106 

4.51 

<.001 

D.  Discussion 

It  has  been  noted  in  the  literature  that  saturation  tests  depend 
on  the  fact  that  renal  elimination  of  a test  doss  of  ascorbic 
acid  does  not  occur  to  any  significant  degree  in  a deficient  sub- 
ject until  his  reserves  have  been  restored  (23,24).  Prom  the 
date  of  Table  10  it  was  seen  that  the  mean  sense  vitamin  C after 
daily  supplements  of  the  factor  resulted  in  t gnificantly  higher 
values  than  were  present  during  the  pre-saturation  period. 
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After  the  daily  supplement  of  vitamin  C,  the  mean  elimina- 
tion of  the  factor  in  the  urine  was  not  significantly  higher 
than  that  noted  during  the  pre-saturation  period  until  2 days 
had  elapsed.  After  2 days  of  such  loading,  however,  the  mean 
serum  ascorbic  acid  level  proved  to  be  0.8ti  m^n.  per  100  cc. 
this  value  was  presumed  to  have  been  the  minimum  level  of 
vitamin  C which  had  to  be  reached  in  the  serum  in  order  to  attain 
a significant  elimination  of  ascorbic  acid  lr  urine  (hence 
"earliest"  saturation). 

It  is  emphasized  that  the  meaning  of  the  word',  "saturation", 
in  this  study,'  is  limited  to  the  interpretation  of  ascorbic  acid 
values  as  pertains  solely  to  blood  and  ur: . j.  Until  analyses  of 
the  ascorbic  acid  content  of  tissues  are  ma.  ")  frostbite 
patients,  one  may  not  assume  that  the  saturj.-*on  values  of  the 
blood  and  urine  are  related  to  those  of  the  tissues.  ^ 

Although  possible  influence  on  the  vitamin  C values  in  blood 
by  only  a hospital  diet  was  acknowledged,  it  was  evident  that 
such  significant  riscj  of  vitamin  C levels,  by  diet  alone, 
could  net  have  occurred  in  a period  as  brief  as  2U  to  48  hours. 
With  respect  to  urine  in  particular  it  also  was  observed  that 
no  significant  increase  in  the  elimination  of  the  factor  bad- 
occurred  during  any  of  the  9 days  of  the  basal  period. 

Contributing  to  the  variable  responso  among  frostbite  patients 
with  respect  to  ascorbic  acid  may  be  such  factors  as  the  degree 
of  absorption  of  the  vitamin,  it3  destruction  in  the  gastro- 
intestinal tract,  the  stage  of  wound  healing,  kidney  function, 
urine  pi!,  body  size  and  severity  of  illness.  Ihe  premise  that 
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* higher  utilization  of  vitamin  C Bight  be  anticipated  in 
these  frostbite  eases  due  to  secondary  Infection  is-  untenable 
because  all  subjects  were  free  of  secondary  infections  of 
their  wounds.  There  were  no  significant  differences  in  the 
results  of  95  cases  in  accordance  with  race. 

There  was  a strong  possibility  that  the  blood  values  would 
have  been  significantly  raised  by  diet  alone.  The  lamed  late 
ala,  bow ever,  waa  to  ensure  excellent  nutrition  among  cold 
injury  casualties  as  quickly  as  possible.  From  a military 
point  of  view,  the  laproving  of  the  individual’s  well-being 
and  possibly  his  rate  of  he<tling  and  reduction  In  hospital 
stay  was  paramount.  Diet  alone,  as  a rapid  source  of  vitaadn 
0,  waa  proved  far  frcta  satisfactory.  Whether  the  additional 
Titanic*  affected  progress  in  convalescence  fros  frostbite 
remains  a problem  for  future  study. 

The  relatively  enormous  quantities  of  ascorbic  acid  ..hich  were 
ingested  before  saturation  of  tho  serum  with  this  factor  la 
noteworthy.  In  order  to  reach  a concentration  of  0.84  n*aa.  per 
100  cc.  twelve  depleted  subjects  (Table  13)  had  Ingested  a 
total  of  1,500  to  4,000  ngu*  of  vitamin  C,  emitting  the  amount 
contributed  daily  by  diet  alone.  Such  marked  deficiency  was 
striking  inasmuch  as  the  total  vitamin  C in  the  saturated  adult 
has  been  estimated  to  be  3,000  to  6, 000  ngp,  (25,26,271*  The 
results  of  the  blood  studies  with  reference  to  vitamin  C sug- 
gested that  the  utilization  of  ascorbic  acid  in  frostbite  is 
high. 

Host  investigators  are  agreed  that  a "spill-over"  of  the  vitamin 
occurs  in  the  urine  when  the  ascorbic  acid  in  tho  blood  is  ap- 


proxicately  1.0  jngm.  per  100  ee.  The  renal  threshold  for  this 
vitamin  has  been  established  between  1.0  and  1*4  mgm.  percent 
of  the  blood  (28,29,30,31/32).  It  wi  concluded  that  the  mean 
sera  values  48  hours  after  loading  with  vitamin  C,  and  there- 
after,  maintained  threshold  Units. 

Although  the  high  Initial  urine  valaes  of  2 *0  to  8.9  ogn.  of 
ascorbic  acid  per  hour  found  among  29  subjects  during  the  basal 
period  cannot  be  explained,  the  following  facts  deserve  con- 
sideration: 

1)  Khan  the  individual  initial  urine  values  (applied  to 
both  Whites  and  non-Whites)  were  matched  against  their 

t 

respective  sera  data,  no  correlation  between  the  re- 
spective values  was  daaonst rated.  Jbong  normal  persona 
inconsistencies  between  the  concentration  of  vitamin  C 
in  blood  and  that  in  urine  have  been  noted  (11).  Healthy 
soldiers  on  relatively  similar  nutrients,  including 
ascorbic  acid,  have  been  found  to  excrete  high  and  low 
quantities  of  the  respective  factors  (33,34). 

2)  Free  knowledge  of  thv  disturbance  of  metabolites  following 
injury,  alterations  such  as  those  occurring  in  the  cata- 
bolic and  anabolic  phases  (35,36)  could  partly  account 
for  variations  in  the  amounts  of  vitamin  C lost  by  W3jr 

of  the  urine. 

3)  The  limitations  of  the  titration  method  which  may  con- 
tribute to  the  initial  high  urine  values  for  ascorbic 


acid  are: 

a)  Since  the  titration  method  is  one  of  oxidation- 


reduction  a certain  amount  of  reducing  substances 
present  in  the  urine  Irrespective  of  the  dietary 
ascorbic  acid  will  affect  the  readings  (37).  in 
the  condition  of  frostbite  the  extent  of  this 
factor  is  unknown. 

b)  Only  reduced  vitamin  C is  determined  by  this  titra- 
tion method.  About  90$  of  the  vitamin  excreted  in 
the  urine  is  in  the  reduced  state  the  remainder  being 
dehydroaacorbie  acid. 

4)  The  conversion  of  reduced  ascorbic  acid  to  the  dehydro- 
ascorbic  acid  form  occurs  not  only  in  vivo  but  also 
during  storage  of  urine  samples  (38,39). 

5)  An  unknown,  perhaps  constant,  amount  of  the  oxidised  font 
of  vitamin  C may  be  present  in  the  urines  of  these  cold 
injury  patients. 

6)  The  possibility  of  excessive  water  Ingestion,  wi.tA  sub- 
sequent "washing  out"  of  the  water-soluble  vitamins,  is 
an  additional  factor  to  be  considered  in  evaluating  the 
urine  data.  The  average  hourly  recovery  of  urine  among 
the  patients  wj  230  cc. 

7)  The  inadequate  emptying  of  the  patient* a bladder  should 
be  considered  in  evaluating  the  variations  in  the  urine 


8)  Miscellaneous  factors  which  might  also  affect  the 

elimination  of  vitamin  C in  the  urine  are  those  pertain- 
ing to  absorption  of  tho  ascorbic  acid,  acid-base  balance, 
severity  of  injury  and  stresses  secondary  to  damage  (40). 


rr.  stmsrs  or  the  vitamin  c concentration  of  the  blood  or 

FROSTBITE  PAtLQiT3  AND  OF  NORMAL  30LDIEH3 


Survey*  have  been  reported  of  the  ascorbic  acid  concentration 
of  the  blood  of  troops  on  peaeetiae  maneuvers  In  S««  England,  Colorado, 
the  Arizona  desert  and  Canadian  arctic.  During  World  War  II  evaluations 
also  wer*  mads  on  troops  stationed  in  Dutch  He*  Guinea  and  in  Italy.  A 
survey  of  the  literaturo  revealed  that,  except  for  a gro up  of  34  soldiers 
afflicted  with  trenchfoot,  ascorbic  acid  had  not  been  measured  among 
cold  injury  casualties  (10). 

this  study  evaluated  the  serum  vitamin  C content  of  a largo  popula- 
tion of  soldiers  before  entering  battle,  during  a combat  rest  period  and 
after  incurring  a cold  injury.  This  survey  comprised* 

Hospital  admissions*  229  frostbite  patients  upon  reaching 
Osaka,  Japan. 

formal  soldiers*  a.  5 28  soldiers,  direct  from  the  United 
States,  by  ship,  within  24  hours 
after  debarkation  in  Yokohama,  Japan. 

b.  1,170  soldiers  rotated-  from  the  Korean 
combat  zone  to  Osaka,  Japan.  The 
blood  sar pies  were  obtained  Within  $ 
hours  after  the  subjects  left  Korea. 


A.  Results 

1.  Hospital  Patients 

The  ascorbic  acid  concentration  of  the  fasting  sera  of 
228  frostbite  casualties  was  obtained  cn  their  first  day 
of  admission  to  the  Osaka  Ansy  Hospital.  (Ninety  subjects 


on  whom  loading  tests  were  described  in  the  previous 
section  were  included  in  this  total*}  All  patients  were 
hospitalized  previously  at  the  Cold  Injury  Center  in 
Korea  for  3 to  54  days  {mean  13  days}.  The  mean  sense 
ascorbic  acid  for  228  subjects  was  0.68  (—  0.344} 


902 


i 


'1 


/ 


/ 


per  100  cc.  The  mean  serum  ascorbic  acid  concentration 
for  122  White  patients  was  0.74  m#n.  per  100  cc.  and  for 
101  Negro  casualties  0.61  (Table  1j4).  The  difference 
between  the  means  pertaining  to  White  and  Negroes  was  sig- 
nificant, but  was  not  significant  between  Id  Negro  and 
five  Puerto  Rican  soldiers. 

TABLE  14 


RACIAL  COMPARISONS  OF  INITIAL  MEAN  SERUM  ASCORBIC 
ACID  LEVELS  FOR  228  FROSTBITE  CASES 


No#  of 

Kean  Serum 

Cases 

Ascorbic  Acid 

Standard 

Race 

(Fasting) 

m^n/100  .-;c. 

deviation 

t 

- P 

White 

122 

0.74 

1 0.362 

9.220 

<.001 

Negro 

101 

0.61 

1 0.303 

White 

122 

0.74 

. "I  0.362 

Puerto  Rican 

5 

0.74 _ .. 

1 0.672 

Negro 

101 

0.61 

Z 0.308 

0.431 

>.70 

Puerto  kican 

5 

0.74  - 

1 0.672 

The  distribution  of  the  aena  values  for  the  White  and 
Negro  patients  is  shown  in  Table  15,  the  lowest  concen- 
tration being  0.08  and  the  highest  1.79  mga.  per  100  cc. 
According  to  the  nutritional  rating  with  respect  to  vitamin 
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C,  relatively  poor  blood  stores  of  ascorbic  acid  were  ex- 
hibited by  20.51?  of  the  White  and  32.71?  of  the  Negro  frost- 
bite patients  at  the  time  of  admission  to  the  hospital  in 
Osaka.  Only  37.7%  of  the  White  subjects  and  28.7%  of  the 
Negro  casualties  would  be  considered  saturated  with  respect 
to  vitamin  0 in  the  blood  according  to  tha  criterion  es- 
tablished in  the  previous  section.  There  were  too  few 


analyses  of  sera  of  Puerto  Rican  soldiers  to  permit  per- 
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TABLE  15 

RACIAL  DISTRIBUTION  OP  INITIAL  SERUM  ASCORBIC  ACT) 
VALUES  FOB  223  CASES  OF  FROSTBITE 


Rating  with 
Respect  to 
Vitamin  C 


Range  of  Sena 
Ascorbic  Acid 


Number 

Parcent 

Number 

Percent 

0.08  to  0.39 

25 

20.5 

33 

32.7 

0.40  to  0.79 

51 

41.8 

39 

36.6 

0.80  to  0.99 

13 

10.7 

14 

33.9 

1.00  to  1.79 

33 

27.0- 

15 

14.8 

total 

122 

100.0 

101 

100.0 

Satisfactory 

Excellent. 


centage  evaluations  for  this  group. 

All  factors  being  r'jual,  including  tine  of  injury  and 
absence  of  complications,  it  has  been  postulated  that 
■ore  vitamin  C may  be  utilised  by  the  body  in  severe  stress 
than  In  mild.  One  approach  to  testing  this  precise  in 
frostbite  mas  to  Evaluate  the  initial  concentration  of 
vitamin  C of  the  blood  in  relation  to  the  severity  of 
frostbite.  The  ideal  time  for  such  s study  would  hare 
been  on  the  first  day  after  injury  rather  than  on  the 
average  of  13  days.  Ibe  present  classification  of  frost- 
bite is  based  on  tlsaue  changes  ranging  frcn  erythema 
to  gangrene.  This  gives  no  Indication  of  the  total  area 
involved  which  is  also  a factor  for  evaluation  of  altera- 
tions of  metabolites  essential  for  tissue  repair.  The 
sen®  ascorbic  acid  levels  among  White  and  Negro  patients 
were  c cm  oared  according  to  their  maximum  degree  of  frost- 
bite. .Hsong  White  patients  (Table  16)  the  mean  aerut 
ascorbic  acid  level  was  higher  in  first  degree  frostbite 
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TABLE  16 

COMPARISON  OP  INITIAL  KEAN  SERUH  ASCORBIC  ACID  LEVELS  WITH 
RESPECT  TO  DEGREE  OP  IN  JUKI  FOR  122  WHITE  FROSTBITE  PATIENTS 


No.  of 

Kean  Sena 

Cases 

Degree  of 

Ascorbic  Acid 

Standard 

./Fasting) 

Frostbite 

mnmflOO  cc. 

Deviation 

t 

P 

19 

First 

0.78 

♦ 0.359 

0.106 

>.90 

64 

Second 

0.79 

♦ 0.367 

19 

First  . 

0.78 

X 0.359 

2.117 

<.05 

27 

Third 

0.56 

♦ 0.327 

19 

First 

0.78 

1 0.359 

0.383 

>.70 

8 

Fourth 

0.7 4 

* 0,362 

6 4 

■ Second 

0.79 

♦ 0I367 

2.945 

<.01 

27 

Third 

0.56 

♦0.327 

64 

Second 

0.79 

z 0.367 

0.355 

>.80 

8 

Fourth 

0.74 

♦ 0.362 

27 

Third 

O.50 

♦ 0.327 

1.901 

>.05 

8 

Fourth 

0.74 

♦ 0.362 

than  in  third  degree.  Also,  the  mean  serum  vitamin  C 
level  of  patients  with  second  degree  frostbite  was  signif- 
icantly higher  than  those  with  third  degree.  The  remain- 
ing comparisons  shown  in  Table  16  were  not  significant. 

Among  the  Nagro  casualties  (Table  17)  those  with  first 
degree  frostbite  had  a mean  serum  vitamin  C concentration 
that  was  significantly  higher  than  the  respective  means 
for  cases  with  second,  third  or  fourth  degree.  A com- 
parison of  the  means  between  second  and  third,  second 
and  fourth  or  third  and  fourth  degree  cases  was  not 
significant. 

In  order  to  obtain  a relationship  betwe«.i  serum  ascorbic 
levels,  race  and  degree  of  severity  of  the  frostbite,  cases 
of  first  and  second  degree  frostbite  were  designated  aa 
"mild”  and  those  of  third  and  fourth  degree  as  "severe" 


{ 


/ / V V .*  *,*  V *,•  *,*  m rn  * • *f.  .‘4.  • . ~ j ’ _ - . *,«  "_«•  * *.,*^.*  *,»  ',>>  * * • - 


V 


! 


t 


* 

< 

i 

f 

I 

i 

i 

I! 


TABLE  17 

COMPARISON  OP  INITIAL  MEAN  SHtUH  ASCORBIC  ACID  LEVELS  WITH 
RESPECT  TO  DECREE  OP  INJURY  FOR  101  NEGRO  FROSTBITE  PATIENTS 

/ / 


No.  of 

Mean  Serum 

Cases 

Degree  of 

Ascorbic  Acid 

Standard 

(Fasting) 

Frostbite 

mem/100  ce. 

Deviation 

t 

P 

11 

First 

0.84 

1 0.373 

2.152 

<.05 

. 50 

Second 

0.58 

♦ 0.304 

11 

28 

First 

Third 

0.84 

.0.59 

1 0.373 
♦ 0.303 

1.978 

<.05 

11 

First 

0.84 

1 0.373 

2.206 

<.05 

11 

Pourth 

0.54  

♦ 0.253 

50 

Second 

0.58 

1 0.304 

0.139 

>.90 

28 

Third 

0.59 

- .tO -303  - 

50 

Second 

0.58 

* 0.304 

0.456 

>.70 

n 

Fourth 

0.61 

♦ 0.253 

28 

Third 

0.59 

1 0.303 

0.524 

>.60 

jU 

Fourth 

0.54 

,1.0.253 

(Tsbin  IS) . 1 significantly  higher  initial  mean  ascorbic 
add  concentration  of  the  Mr  id  was  found  among  144  laild" 
frostbite  casualties,  cccp rising  Whites  and  Negroes,  than 
in  74  cases  classified  as  •severe".  In  the  case  of  the 
White  soldiers  the  difference  of  the  means,  0*79  and  0.62 
"i7».  was  significant.  The  respective  differences  of  the 
weans  found  among  Negroes,  namely  0.63  agm.  for  %ild" 
frostbite  and  0.58  m&a.  for  "severe",  seemed  to  show  the 
same  inverse  relationship  to  the  severity  of  injury  but 
were  not  statistically  significant.  In  summary,  there 
was  evidence  that  on  the  thirteenth  day  (average)  of 
convalescence,  corresponding  to  the  first. day  of  hospital- 
ization in  the  Army  Hospital  in  Osaka,  Japan,  tba  mean 
concentration  of  serum  vitamin  C tended  to  be  inversely 
related  to  the  . maximum  severity  of  frostbite. 
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TABLE  18 


COS’ ARISON  OF  KEAN  SERUM  ASCORBIC  ACID  LEVELS  FOR 
"MILD"  AMD  "SEVERS**  FROSTBITE  PATIENTS 


Race 

No.  of 
Cases 

(Fasting) 

Severity 

of 

Frostbite 

Kean  Serum 
Ascorbic  Acid 

ekot/100  cc. 

Standard 

Deviation 

H 

■ 

White  Ac  Negro 
Combined 

1U 

7U 

Xild 

Severe 

oo 

S3 

H065BI 

2.559 

<.01 

White 

63 

35 

Mild 

Severe 

■PJvzSHR 

KfaWH 1 

<.01 

Negro 

61 

-39 

Km 

mm 

0.822 

>.50 

a.  Vesicular  Fluids 

In  the  course  of  obtaining  fasting  bloods  33  samples 
of  vesicular  fluid  vers  obtained  from  Intact  blisters 
under  aseptic  technique*  The  age  of  ths  bullae  (cor- 
responding to  the  first  day  of  hospitalisation  of  the 
frostbite  patients  in  Japan)  ranged  from  3 to  12  days 
(mean  7*5  days)  post-frostbite.  The  ascorbic  add 
levels  In  the  fluid  of  these  vesicles  were  compared 
with  those  of  the  corresponding  fasting  blood  sera. 

The  fluid  was  cultured  on  withdrawal  from  the  vesicle. 
The  data  of  the  ascorbic  acid  levels  in  bacteria-free 
fluid  vers  compared  with  those  of  contaminated  blisters. 

Of  the  33  samples  of  vesicular  fluid  27  were  cultured 
and  17  were  reported  free  of  bacteria  or  fungi.  The 
data  are  shown  in  Table  19.  When  a product-moment 
correlation  was  made  between  the  concentration  of 
ascorbic  acid  in  serum  and  that  in  blister  fluid  the 
"r"  value  proved  significant  (0.509).  This  indicated 


TABUS  19 


• VESICLE  FLUID  CULTURE  RESULTS  AMD  ASCORBIC  ACID  VALUES 
OF  CONOQMI TANTLX  DRAWN  SAMPLES  OF  SERUM  AMD  VESICLE  FLUID 
FOR  30  FROSTBITE  PATIENTS 


28 

32 

50 

51 

52 

54 

55 
59 
62 
63 
66 
67 

70 

71 

72 

73 

76 

74 
74 
91 
94 
97 
99 

100 

101 

102 

102 

106 

107 

109 

1178 

1401 

1599 


Serun  Ascorbic 
Acid 

mcnAOO  cc. 

Ascorbic  Acid  in 
Vesicular  Fluid 
itrp/100  ce. 

Bacterial  Culture  of 
Vesicular  Fluid 

0,91 

0.67 

0.30 

0.31 

Negative 

0.66 

1.06 

Negative 

0.40 

0.21 

Negative 

0.26 

1.04 

H.  Staphylococci 

0.30 

0.71 

Negative 

0.53 

0.78 

Negative 

0.28 

0.33 

Negative 

0.61 

0.73 

Negative 

0.33 

0.32 

Negative 

0.72 

0.76 

H.  Staphylocci 

0.37 

0.50 

Negative 

0.26 

0.29 

Negative 

0.35 

0.21 

Negative 

0.32 

0.49 

H.  Staphylococci 

0.23 

0.60 

H.  Staphylococci 

0.76 

0.92 

Negative 

0.76 

1JU 

Mon-H.  Staphylococci 

0.76 

0.94 

Nen-H.  Staphylococci 

1.05  . 

0.90 

— 

0.63 

0.82 

m » 

0.70 

0.74 

H.  Staphylococci 

0.33 

0.32 

Negative 

0.65 

0.52 

H.  Staph;  Paracolan  Bac. 

0.66 

0.21 

Ndn-H.  Staphylococci 

0.32 

0.29 

Negative 

0.32 

0.26 

Bac.  Subtille 

0.97 

1.31 

Negative 

0.93 

1.10 

Negative 

1.14 

0.16 

Negative 

0.32 

0.70 

• - 

0.24 

0.74 

Negative 

1.03 

1.29 

t 
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that  the  level  of  ascorbic  acid  in  blister  fluid 
varied  in  the  sane  direction  aa  the  vitamin  C level 
in  blood*  Omitting  the  samples  shown  to  have  a 
positive  culture,  the  coefficient  of  correlation 
between  the  level  of  vitamin  C in  the  sera  and  that 
in  the  bacteria-free  blister  fluids  was  again  signif- 
icant (0.874)*  However,  when  the  comparison  was  Bade 
between  the  sera  concentrations  of  ascorbic  acid  and 
those  in  blister  fluids  contaminated  by  bacteria  the 
*r"  Value  was  no  longer  significant  (0*306).  This 
indicated  that  the  presence  of  bacterial  contamination 
may  alter  the  relationship  of  ascorbic  acid  in  vesicular 
fluid  with  that  in  sera. 

b.  Cold  Hemagglutinin  Titers  and  Vitamin  C Levels 
In  view  of  the  studies  by  the  Cold  Injury  Team 
relating  the  titers  of  cold  hemagglutinins  in  sera  to 
the  morbidity  of  frostbite,  it  was  also  of  interest  to 
determine  whfithor  the  titers  of  cold  hemagglutinins 
varied  with  the  serum  ascorbic  acid  levels* 

A correlation  between  the  initial  serum  ascorbic  acid 
concentrations  of  frostbite  patients  and  cold  hemagglu- 
tinin titers  was  made  using  the  values  obtained  froo 
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I83  identical  blood  samples.  A negative  correlation 


was  found,  namely,  an  "r"  value  of  -0.015,  which  was 


not  statistically  significant  from  zero  (Table  20)* 
Review  o the  data  revealed  that  609  blood  sacples 
drawn  from  normal  combat  soldiers  in  Osaka,  Japan, 


These  subjects  arrived  in  Yokohama  fra*  the  Halted 
States  via  ship  24  hours  prior  to  testing*  lhe  stean 
fasting  serum  ascorbic  acid  level  for  this  group  was 
0.42  1 0.247  mgm.  per  100  ce.  The  racial  distribution 
of  theso  troops  was:  Whites,  402;  Negroes,  30;  Puerto 
Blcans,  76  and  miscellaneous,  18  (i.e.  11  Latin  Jmeri- 
eans,  6 Orientals  and  1 Indian). 

The  mean  of  0.42  mgs.  ascorbic  acid  por  100  ce.  of 
sens*  exhibited  by  402  White  soldiers  was  significantly 
lower  than  that  of  6.56  mga.  shown  by  30  Negro  soldiers 
(Table  22).  There  was  no  significant  difference  be- 
tween the  mean  serm  concentration*  of  vitamin  C found 
la  Whites  and  Puerto  Ricans,  but  a significant  difference 
existed  between  the  Puerto  Ricans  and  Negroes.  The  aean 
value  among  30  Negroes,  namely,  O.56  mgm.  of  ascorbic 
acid  per  100  cc.  of  serum,  was  significantly  higher  than 
that  of  0.36  (rgjn.  shown  by  18  soldiers  of  miscellaneous 
lineage  (Latin  Jiaericans,  Orientals,  Indians  and 
Filipinos). 

The  results  of  the  determinations  for  Whites,  Negroes 
and  Puerto  Ricans  are  presented  in  Figure  6.  The 
relatively  high  percentage  of  troops  which  showed  low 
levels  of  ascorbic  acid  in  the  blood,  namely,  0.4  mgs. 
per  100  cc.  or  less,  was  particularly  noteworthy.  Of 
the  three  races  the  Puerto  Ricans  had  the  highest 
proportion  of  low  values  in  the  sera. 


O M 


< 'ViV'  »■  'Win  frafti  »» »»"  *»»»«>■ 


j— 


j c 

I 

i 

» 

r 

•* 


TABLE  23 

RACIAL  COMPARISONS  OF  KEAN  SERUM  ASOORBrC  ACID 
LEVELS  FOR  1170  UNINJURED  COMBAT  SOLDIERS 


Race 

No.  of 
Cases 

(Fasting) 

Kean  Serum 
Ascorbic  Acid 
mrs/100  cc. 

Standard 

Deviation 

t 

P 

White 

Negro 

1018 

117 

© c 

1 0.269 
t 0.27/, 

1.498 

>.20 

White 

Puerto  Rican 

1018 

10 

0.47 

0.55 

1 0.269 
-t  0.252 

0.998 

>.40 

White 

Kisc.  Lineage 

1018 

25 

0.47 

0.44 

1 0.269 
♦ 0.288 

0.516 

>.70 

Negro 

Puerto  Rican 

117 

10 

0.51 

0.55 

* 0.274 

, ± 0.252 

0.478 

>.40 

Negro 

Kisc.  Lineage 

117 

25 

0.51 

0.44 

♦0.274 

1.146 

>.70 

Puerto  Rican 
Kisc.  Lineage 

10 

25 

0.55 

0.44 

♦ 0.252 
± 0.288 

1.119 

>.30 

prised  1A  Latin  Americana,  6 Orientals,  ')  Indiana, 

1 Filipino  and  1 Hawaiian. 

The  results  of  the  deteminationa  on  Whits  and  Negro 
subjects  are  presented  in  Figure  7-  lhess  curves  were 
similar  to  those  representing  data  of  the  528  replace- 
ment troops  from  the  United  States  (Figure  6).  Figure  7 
also  depicts  the  variations  of  the  average  concentration 
of  serum  vitamin  C during  the  months  January  through 
April  1952.  Each  dot  represents  serum  values  from 
20  to  80  men  with  an  average  of  40.  It  is  apparent 
that  there  was  little  deviation  frca  the  mean  of  0.48 
agn.  from  month  to  month.  There  were  no  significant 
differences  between  the  means  of  the  serum  vitamin  C 
levels  with  respect  to  race  in  this  group  of  1,170 
soldiers  direct  frca  combat  activity  (Table  23). 
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FIGURE  Z DISTRIBUTION  OF  ASGORCIC  ACID  LEVELS  IN  SERA  OF  JI35 

SOLOIER5  CIRECTLY  AFTER  LEAVING  COr^AT  LINES  IN  KOREA 
JAH.-APRIL  I9S2. 
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The  Bean  concentration  of  serum  ascorbic  acid 
for  troops  arranged  in  accordance  with  the  military 
components  of  the  Eighth  Amy  in  Korea  is  shown  in 
Table  24.  With  the  exception  of  the  24th  Division 
which  was  represented  by  e»  ly  two  soldiers  (these 
values  omitted)  the  units  were  each  represented  by 
95  to  221  soldiers.  The  mean  serum,  ascorbic  acid 
values  for  the  sen  of  the  respective  divisions  ranged 
from  0.44  to  0.54  mga.  per  100  cc.  from  a nutritional 
rating  with  respect  to  vitamin  C the  averages  were 
considered  fair  and  of  relatively  equal  value.  When 
the  military  components  of  the  Eighth  Army  were  ar- 
ranged in  accordance  with  their  positions  In  battle 
(Table  25)  the  respective  means  were  essentially 
constant,  namely,  0.44  to  0.50  n#n.  of  ascorbic  acid  - 
per  100  cc.  of  serum.  Mo  difference.*  In  rating  from 
a nutritional  viewpoint  were  again  evident.  Statis- 
tically, however,  the  low  vitamin  C values  shown  by 
the  rear  troops  of  the  Eighth  Army,  namely,  0.44  ngm. 
per  100  cc.  of  serum,  proved  si'iificantly  lower  than 
that  of  any  of  the  remaining  troops  (Table  26). 

It  alroady  has  been  shown  (Table  23)  that  there  was 
no  significant  difference  between  the  mean  concentration 
of  0.47  mgs.  ascorbic  acid  per  100  cc.  shown  by  the 
1,018  White  cccibat  troops  and  that  of  0.51  mga.  by 
the  117  Negro  troops.  There  were  no  significant 
differences  in  the  mean  levels  of  serum  vitamin  C 
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TABLE  26 

COMPARISON  OF  KEAN  SRRUM  ASOORBIC  ACID  LEVELS  k)R 
UNINJURED  SOLDI2>3  WITH  RESPECT  TO  BJEIR  CCKRAT  ECHELON 


! . 


0 


Military 

Snrtort 

No.  of 

Soldiers 

Kean  Serum 
Ascorbic  Add 
r.^/100  cc. 

Standard 

Dovinticn 

t 

P 

Hiac.  Rear 

Troops 

221 

0.44 

±0.251 

Divisional 

. 

2.730 

<.01 

Troors 

356 

0.50 

* 0.287 

Hisc.  Hear 

Troops 

221 

0.44 

± 0.251 

Reginental 

2.466 

<.02 

Trocros 

335 

. 0.49 

♦ 0.266 

liisc.  Scar 

Troops 

221 

0.44 

£ 0.251 

Battalion 

2.040 

<.02 

Treocs 

188 

0.49 

£ 0.252 

Divisicnal 

Troops 

356 

0.50 

± 0.287 

Begte'-ntai 

0-474 

>.70 

Tmcns 

335 

0.49 

* 0.266 



Divisional 

Troopi 

356 

0.50 

± 0.287 

3attalion 

0.420 

>.70 

Traces 

188 

0.49 

i 0.212 

Regimental 

Troops 

335 

0.49 

1 0.266 

Battalion 

- 

- 

Troops 

183  ■ 

M2 

± 0.252 

soldiers  in  the  2nd  and  40th  Divisions  shoved  mean  sera 
levels  of  0.53  and  0.52  nign.  per  ICO  cc.,  respectively, 
which  wore  significantly  higher  than  the  average  of  0.45 
and  0.42  m&i.  shown  by  White  soldiers  of  the  3rd  Division 
and  a group  labelled  "miscellaneous  rear  troops",  re- 
spectively. Since  the  eating  habits  of  these  individuals 
were  not  ascertained  the  possible  influence  of  this 
factor  on  the  data  cannot  be  estimated.  In  spite  of 
mathematically  significant  differences  in  the  respective 
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TABLE  27 

COMPARISON  OF  MEAN  SERUM  ASCORBIC  ACID  VALUES  FOR 
CflO  SOLDIERS  IN  ACCORDANCE  TO  THEIR  OCKBAT  ECHELON 


Mean  Serum 
Ascorbic  Acid 


Soldiers 


3rd  Div, 
2nd  Div. 


25th  Div 
2nd  Div 


40th  DiT 
2nd  Div 


3rd  Div. 
Misc.  Rear 
Trooos 


40th  Div 
25th  Div 


25th  Div. 
Misc.  Rear 

Troops 


40th  Div 


♦ 


♦ 0.348 


♦ 0.348 


0.117 

>.90 

0.201 

>.90 

0.163 

>.90 

0.109 

>.90 

- 

- 

0.198 

>.90 

0.416 

>.70 

0.188 

>♦90 

1 

6 


* 0.310 


0.176 

>.90 

0.486 

>.70 

0.243 

>.90 

mean  concentrations  of  ascorbic  acid,  shown  by  the 
soldiers  in  Table  28,  it  is  emphasized  that  the 
degree  of  the  respective  differences  was  not  of  such 
magnitude  that  one  necessarily  could  rate  the  men 
of  one  divieion  nutritionally  better  than  those  of 
any  other  division  with  regard  to  vitamin  C.  Until 
a more  accurate  definition  of  the  normal  level  of 
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TABLE  28 

COMPARISON  OK  HEAR  SERUM  ASCORBIC  ACID  VALUES  FOR 
WHITE  SOLDIERS  IN  ACCORDANCE  TO  THEIR  OOHBAT  ECHELON 


Military 

Unit 

2nd  Div. 
Misc.  Rear 
Troops 
2nd  Div. 
3rd  Div. 
2nd  Div. 
7th  Div. 
2nd  Div. 
25th  Div 


2nd  Div 
Oth  Div 


2nd  Div 
/.5th  Civ 


25th  Div 
/•Oth  Div 


40th  Div. 
Misc.  Rear 


No.  of 
White 
Soldiers 


Mean  Sera 
Ascorbic  Acid 
nra/lOO  cc. 


Standard 

Deviation 

* C.292 

1 0.250 

1 0.292 

* 0.264 

1 0.292 

* 0.238 

1 0.292 


3.261  <.001 

2.349  <.05  ! 

1.846  >.10  j 

1.672  >.10  i 


3rd  Div 
ACth  Div 


7th  Div 
40th  Div 


45'-a  Div 
40th  Div 


45th  Div. 
Klsc.  Rear 


3 


3rd  Div 
5th  Div 


7th  Div 


7th  Div. 
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vitamin  C 1b  the  blood  Is  established,  it  was 
oor eluded  that  the  1,170  casbat  soldiers  were  all 
of  the  sane  nutritional  status  with  respect  to 
vitaain  C.  Proa  a nutritional  rating  standpoint  the 
Bean  blood  la  vela  were  considered  borderline  between 
poor  and  fair* 

the  seen  senm  ascorbic  acid  levels  for  510  replace* 
sent  troops  and  1,135  eaabat  soldiers  are  shorn  in 
Table  29*  The  percent  distribution  for  poor,  fair, 
satisfactory  and  excellent  ratings  with  respect  to 
vitamin  C among  c achat  soldiers  agreed  oloseljr  with 
the  respective  aaourtta  noted  among  the  replacement 
troops . Auong  combat  soldiers  the  serua  levels  of 
ascorbic  sold,  naaely,  0.07  to  0.39  njjs.  per  100  cc. 
were  found  In  51.6?  of  the  Whites  end  40.2?  of  the 
Negroes  (Table  29).  Based  on  the  minimus  value  of 
0.84  sign.  per  100  ee,  of  serua  (discussed  in  the 
previous  section)  it  was  concluded  that  only  13*2? 
of  ths  Whites  and  15. 4?  of  the  Negroes  were  saturated 
with  respect  to  vitamin  C in  the  serum. 

Among  the  replacement  troops  59*9?  of  the  Whites, 
40.0?  of  the  Negroes  and  66.7?  of  the  Puerto  Ricans 
showed  serua  ascorbic  acid  levels  of  0.39  ngm.  or 
less  per  100  cc.  Only  10.2?  of  the  Whites,  20.0? 
of  the  Negroes  and  3*8?  of  the  Puerto  Ricans  were 
considered  saturated  with  respect  to  vitamin  C in 
the  serua.  From  a nutritional  viewpoint  with  regard 
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to  aacorbic  acid,  over  BC%  of  the  529  re- 
placement troops  and  over  87%  of  the  1,035  canbat 
soldiers  shoved  poor  to  fair  blood  levels,  despite 
these  low  levels  of  ascorbic  acid  the  soldiers  appear- 
ed in  excellent  health. 

The  mean  levels  of  serin  ascorbic  acid  for  soldiers 
en  route  to  battle,  during  a canbat  rest  period  and 
after  incurring  frostbite  were  0.42,  0.48  and  0.68  mga. 
per  100  ee.,  respectively  (Table  30). 

The  mean  serin  aacorbic  acid  content  for  healthy 
White  troops  was  significantly  higher  during  coo- 
bat  than  the  levels  manifested  by  soldiers  arriving 
in. the  Far  East.  Neither  the  increase  in  the  mean 
eerua  ascorbic  add  aaong  healthy  Puerto  Bicane  nor 
the  decrease  aaong  healthy  Negroes  was  statistically 
significant  (Table  31). 

TABLE  30 

0CKPARIS0N  OF  KEAN  SERUrl  ASC0R3IC  ACID  VALUE3  AH0NG 
BEPU.CTHSNT  TROOPS,  OCKBAT  SOLDIERS  AKD  FROSTBITE  CASES 


No.  of 

Subjects 

Situation 

Mean  Serum 
Ascorbic  Acid 
r~-./l00  ce. 

Standard 
Devi stion 

t 

P 

223 

528 

Frostbite  Patients 

n«n1j-e<r-'.’?nt  Troops 

0.68 

0.42 

♦0.344 
♦ 0.247 

10.232 

<.001 

223 

1170 

Frostbite  Patients 
Cc*"ivp.t  Soldiers 

0.68 

0.48 

1 0.344 
♦ 0.270 

8.217 

<.001 

528 

1170 

Replacement  Troops 
Cceb.it  Soldiers 

0.4 2 
0.48 

I 0.247" 
1 0.270 

4.501 

<.001 

QOA 


TABUS  31 

RACIAL  COMPARISONS  C?  KEAN  SERUH  ASOORBIC  ACID  VALUES  AMONG 
REPLACEMENT  TROOPS,  C0H3AT  SOLDIERS  AND  FROSTBITE  PATIENTS 


Replacement  1 
Troops  I White  A 02 


White!  1018 


Replacement  I j 
Troons  I White  I 402 


Patients 


Combat  1 I 
Soldiers  White  I 1018 


White 


IRTOTII 


Patient 


Ncrro 


l.ezro 


Puerto 


Patients 

Puerto 

Rican 

Combat 

Soldiers 

Puerto 

Ric-’n 

Patients 

Puerto, 

Rican 

0.310 


7.988  <.001 


0.807  >.50 


53  >.50 


2.513  <.01 


1.954  >.10 


1.162  | >.J0 


Discussion 

It  was  of  interest  to  compare  the  data  of  frostbite  patients 
in  the  stud/  with  those  of  soldiers  admitted  to  arm/  hospitals 
during  World  War  II.  World  War  U troops  subsisted  on  packaged 
rations  prior  to  hospitalization,  although  studies  relative 
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to  cold  Injuries,  per  se,  were  not  Bade*  -During  the 
Italian  Campaign,  in  the  winter  of  1944,  Came/  (10)  re- 
ported studies  on  100  random  hospital  admissions  (32  medical 
and  66  wounded,  half  of  the  latter  having  had  trenehfoot)* 

The  plasma  concentration  of  vitamin  C for  70%  of  the  patients 
ranged  free  0.2  to  0.5  tiff a.  The  individual  values  of  vita- 
min C ranged  fran  0.10  to  2.35  ogm.  per  100  ec.  of  plasma. 

A larger  survey  of  hospitalized  soldiers  (disease  and  in- 
juries not  listed)  was  made  by  Golden  and  Schechter  In  Dutch 
New  Guinea  (9).  They  reported  that  on  standard  unsupplemented 
diets  59^  of  171  patients  shoved  an  average  of  lese  than  0.30 
mgm.  of  ascorbic  acid  per  100  cc.  of  plasma,  while  42  sub- 
jects whose  diet  was  supplemented  daily  with  37  Bjpu  of  - 
vitamin  C yielded  a mean  of  0.57  E£a.  ascorbic  acid  per  100  cc. 
plasma.  Thtss  low  v lues  could  not  be  explained.  The  hospital 
food  way  rated  equal  to,  and  perhaps  better  than,  that  issued 
in  the  ccespany  nesses.  .Variability  In  the  standards  of  mess 
management  and  in  the  discriminatory  tastes  of  the  soldiers 
with  reference  'o  ;.’-.e  fruit  Juices  and  synthetic  lemon  pcurier, 
major  source  of  vitamin  C,  were  considered.  The  possibility 
of  higher  demands  for  vitamin  C in  the  stresses  of  the  tropics, 
and  particularly  following  onset  of  illness,  was  not  considered. 

The  relatively  low  blood  values  for  ascorbic  ac*d  of  hospital- 
ized soldiers  agree  essentially  with  those  reported  among 
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hospitalized  civilians  in  the  United  States,  in  spite  of  tho 
fact  that  deficiencies  in  the  latter  reflect  their  economic 
status  and  food  customs  in  addition  to  their  ills  (Table  32). 


TABLE  32 

•>' 

BLOOD  ASOORBIC  ACID  VALUES  FOR  HOSPITALIZED  CIVILIANS 


Subjects  with  a Kean 
Serna  or  Plasma 
Ascorbic  Acid  Level 
of  0.5  toga,  or  leas 

per  ICO  cc. 


Location  ^ 

Boston, 

Kcseachusatta 

San  FTancloco, 
California 


85*  at 
or 

75*  at 
or 

38*  at 


0.4  mgo. 
lees 

0.3  B£m. 

Iona 

0.4  offtu 

leas 

0.5  D0B. 

lens 


B>ea*  data  were  from.  patient*  usually  older  than  those  jf 
the  military  and  of  both  sexes. 

Although  individual  values  of  aseorbic  acid  in  blood  vary 
widely,  mean  values  of  a population  of  one  sex  under  ceo- 
parahle  conditions  and  in  equilibria*  with  their  diets  have 
significance  (41,42,43).  Low  values,  in  particular,  noted 
under  such  conditions  merit  corrective  measures,  (hie  could 
attempt  an  explanation  for  the  changes  in  the  serum  vitamin 
C levels  of  soldiers  from  the  time  they  left  ehip  in  Japan 
until  ultimately  hospitalized  as  tor  casualties.  In  cannon, 
all  troops  were  subjected  several  weeks  or  months  to 
foods  in  aray  messes  in  the  United  States  before  learL-g  for 
*orea.  The  interpretations  remain  conjectural  since  the 
same  soldiers- were  not  followed  from  the  time  of  debarkation 
in  Japan  >mtil  participation  in  battle,  or  froa  the  time  of 
battle  until  their  hospitalization  with  frostbite. 

The  finding  of  a relatively  low  seen  level  df  sens*  vitamin 
C for  528  normal  soldiers  upon  debarkation  was  difficult  to 
explain.  It  was  assumed  the  food  on  shipboard  was  adequate, 
licre  were  no  records  of  the  type  of  foods  served  or  the  eat- 
ing habits  of  these  men.  The  nutrition  with  respect  to 
vitamin  C before  embarkation  was  assumed  to  have  been  equalized 
during  the  weeks  or  months  which  the  average  soldier  subsisted 
on  food  in  army  cesses.  One  could  not  estimate  whether  possible 
effects  pertaining  to  the  ocean  voyage  itself  (e.g.  seasick- 
ness, vomiting,  psychological  stresses  concccdtant  with  the 
landing  on  foreign  soil,  etc.)  might  have  contributed  to  the 
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findings  with  respect  to  sens  ascorbic  acid* 

It  was  concluded  that  the  recent  chipboard  diets  main- 
tained levels  of  serum  ascorbic  acid  in  these  replacement 
troops  which  could  be  rated  only  slightly  better  than  poor* 
the  question  is  raised,  therefore,  whether  such  low  levels 
with  respect  to  vitamin  C in  the  blood  are  within  the  "margin 
of  safety*  for  pre-caabat  soldiers* 

The  mean  sense  ascorbic  acid  level  for  the  frostbite  con- 
valescent in  the  Osaka  Army  Hospital  was  higher  than  the 
average  value  exhibited  by  soldiers  en  route  to,  or  after 
participation  in,  battle.  In  the  case  of  the  White  and 
Negro  soldiers,  but  not  in  the  case  of  the  Puerto  Ricans, 
the  difference  between  the  serum  vitamin  C values  for  hospi- 
talized casualties  and  active  combat  soldiers  was  statisti- 
cally significant.  The  nutritional  rating  with  respect  to 
vitamin  C also  was  improved  appreciably,  although  the  blood 
levels  of  the.  hospitalized  subjects  were  still  below  the 
amount  which  characterize  saturation  of  the  blood.  According 
to  values  cited  by  the  Rational  Research  Council  (44,  45) 
the  muan  values  observed  on  the  thirteenth  day  of  con- 
valescence for  the  Pegro,  Puerto  Rican  and  White  frostbite 
patients,  namely,  0.61,  0.74  and  C.74  m^a.  per  100  cc.  of 
serum,  were  "low  normal".  The  availability  of  warn  palatable 
foods  rich  in  vitamin  C during  evacuation  largely  accounted 
for  the  differences  between  the  results  for  normal  soldiers 
and  frostbite  casualties.  The  fact  that  the  mean  serum 
ascorbic  acid  level  shown  by  the  hospitalized  White  patients 
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ui  significantly  higher  than  that  Aam  by  Negro  frost* 
bits  patients  ms  not  explainable*  Every  condition,  in* 
eluding  diet,  ms  essentially  equalised*  Although  possible 
racial  differences  in  the  acceptance  ef  certain  foods  were 
offered  as  a partial  explanation,  this  ms  not  the  case  in 
a survey  of  the  food  habits  of  51  Ban  24  hours  prior  to 
frostbite.  In  the  first  portion  of  this  report,  the  results 
of  the  survey  of  food  acceptance  by  26  Negro  and  25  White 
soldiers  (who  had  occasion  to  eat  at  least  one  meal  of 
canbat  ration)  demonstrated  no-  significant  difference  in 
their  respective  acceptance  of  coffee  powder.  Jam  and 
cocoa  powder,  this  lack  of  discrimination- in  taate  for  these 
items  under  combat  conditions  may  not  be  the  rule  for  Negroes 
and  Whites  with  respect  to  their  acceptance  of  other  vitamin 
C-rich  foods,  particularly  whan  confined  in  a hospital. 
Factors  other  than  food  preference  are  also  worthy  of  con- 
sideration in  attempting  to  explain  the  difference  in  the 
mean  levels  of  ascorbic  acid  in  the  blood,  for  examples 

1)  Differences  in  vitamin  C intake  Just  prior  to 
these  tests. 

2)  Possible  inherent  physiological  differences  be- 
tween the  White  and  Negro  races. 

3)  Individual  physiological  differences,  e.g.  acid- 
base  balance,  absorptive  capacity  for  the  vitamin 
and  the  like. 

4)  The  limitations  of  the  titration  aethod  for  deter- 
mining ascorbic  acid  in  metaphosjiioric  acid 
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filtrates  from  serum* 

5)  Difference  in  the  ascorbic  acid  levels  of  the 
blood  in  accordance  with  severity  of  illness  have 
been  cited  earlier  in  this  report*  Decreases  and 
increases  in  the  plasaa  vitamin  C levels  have  been 
noted  following  fractures  and  burns  in  accordance 
with  duration  of  the  catabolic  or  anabolic  phase 

of  injury  (46,47)*  It  -remains  to  be  proved  whether 
such  changes  are  manifested  in  damage  due  to  frost- 
bite, 

6)  It  is  conjectured  that  the  vitamin  C concentrations 
of  the  blood  might  have  been  altered  in  accordance 
with  stress* 

Under  present  Army  Regulation  (AR  40-250)  the  daily  stipulated 
requirement  for  vitamin  C is  50  mgm,  Xt  was  estimated  that  one 
day’s  food,  eaten  in  full,  as  obtained  from  the  mess  or  frea 
packaged  rations  i.e.  one  Individual  Combat  Ration,  one  fifth 
of  the  SuaLl  Detachment  5-in-l  Ration,  three  Individual  Assault 
Rations  (XA-2)  or  three  Frigid  Trail  Rations  (TF-2)  would  supply 
approximately  100  nrjn.  of  ascorbic  acid  per  day  per  man.  It 
is  to  be  recalled  that  the  Osaka  Army  Hospital  diet  was  cal- 
culated to  provide  nearly  184  mja.  of  vitamin  C daily  emitting 
po33ible  losses  of  the  factor  resulting  from  waste  and  the 
processing  of  food. 

Notwithstanding  that  the  requirement  of  vitamin  C,  as  stipu- 
lated by  regulation,  was  net,  the  ascorbic  acid  intake  ky  the 
soldier  wa3  of  such  lov  order  that  his  serum  wa3  found  to  be 


far  free  saturated  with  respect  to  vitamin  C.  To  account 
for  this  in  part,  discriminatory  taste  with  respect  to 
vitamin  C containing  foods  and  losses  of  the  factor  either 
through  waste  or  as  a result  of  processing  the  food  vert 
considered*  . 

The  results  of  the  1951-52  vitamin  C survey  on  1,698  men 
in  Japan,  comprising  "healthy”  combat  and  pre-cccbat  soldiers, 
indicated  that  50£  of  tho  individuals  exhibited  levels  of  the 
drier  of  0.5  mga.  vitamin  C per  ICO  ee.  of  sera.  Because  of 
potential  wounds,  infections  and  many  stresses  to  which  a 
soldier  is  exposed,  a serum  level  of  approximately  0.80  mgs. 
ascorbic  acid  per  100  ec.  is  suggested  as  a good  taargin  of 
safety**.  A level  of  the  order  of  0.00  mga.  per  100  cc.  is 
used  by  many  investigators  in  defining  a ‘‘satisfactory** 
blood  level  of  vitamin  C for  the  normal  adult.  The  actual 
value,  0.84  mga.  was  found  to  mark  the  beginning  of  saturation 
of  serum  of  convalescing  frostbite  patients.  Sines  it  is  not 
known  whether  the  supplying  of  additional  vitamin  C for  an  in- 
definite period  to  maintain  blood  concentrations  of  the  factor 
at  jaturation  levels  is  physiologically  sound,  the  administra- 
tion of  vitamin  C smaller  than  the  daily  250  nga.  supplement 
(provided  in  this  study)  might  ensure  blood  levels  which  might 
be  considered  more  nearly  "satisfactory**. 

Assuming  a linear  relationship  between  intake  increments 
and  serum  level  elevations  of  vitamin  C,.  to  increase  the  levels 
in  healthy  soldiers  froa  an  average  of  0.5  mgs.  to  O.St  mgs. 
approximately  a 70^  increase  in  the  vitamin  C intake  over  that 
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which  prevailed  during  this  survey  would  be  necessary 
(provided  that  factors  of  food  acceptance  and  vitamin  C 
losses  remain  identical).  An  increased  ration  supplement 
of  ascorbic  acid  might  not  lead  to  maximum  benefit  uni" as 
the  factor  were  incorporated  in  foods  which  were  relished  by 
the  soldier  or  were  given  in  a preformed  state  under  strict 
supervision.  It  is  also,  emphasized  that  if  vitamin  C is 
- incorporated  in  ration  items  the  amount  should  be  generous 
enough  to  allow  for  losses  which  result  from  the  time  the  food 
is  processed  until  actually  ingested.  Thus  the  suggested  70£ 
increase  may  well  bo  modified  in  one  direction  or  the  other 
depending  or.  the  acceptability  of  the  food  or  the  stability 
of  the  factor  after  incorporation  in  the  food. 

Ironically,  the  1951-52  dietary  regime  for  soldiers  failed 
to  improve  appreciably  their  values  of  serum  vitamin  C when 
compared  to  those  reported  among  civilians,  lhe  fact  that 
nearly  every  third  soldier  ar.ong  1,698  showed  ranges  of  0.018 
to  0.29  ascorbic  acid  per  100  cc.  of  seruca  was  considered 
highly  significant.  Free,  the  viewpoint  of  potential  wounds, 
hemorrhage,  physiological  and  psychological  stresses  (exposure, 
missed  neils,  dehydration,  fear,  exhaustion)  problems  much  less 
constant  among  civilian  populations,  M>e  soldier  was  not  adequate- 
ly protected  with  respect  to  vitamin  C. 

V.  SUKKAP.Y  AKD  CONCLUSION 

Studies  by  meana  of  interviews  and  ascorbic  acid  determinations 
of  blood  and  urine  of  228  frostbite  casualties  and  1,693  normal  combat 
soldiers  indicated  the  following: 
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1)  Soldiers  who  subsisted  solely  on  cm  hat  rations  Ingested 
approximately  one  half  to  one  third  of  the  calories  normally 
required  for  satisfactory  nutrition  and  performance  In  the 
cold* 

2)  the  discarding  of  the  coffee  and  cocoa  powders  in  the  packaged 
combat  ration,  which  contained  the  majority  of  the  daily  supply 
of  ascorbic  acid,  necessarily  reduced  the  vitamin  C intake  to 

a low  level* 

3)  the  hospital  diet  (Osaka  Any  Hospital)  maintained  or  slightly 
improved  tho  initial  vitamin  C concentration  of  the  blood  of 
frostbite  casualties* 

A)  Thera  was  an  inverse  relationship  in  frostbite  cases  between 
the  initial  concentration  of  a eras  ascorbic  acid  and  the  number 
of  days  of  supplementation  of  vitamin  C (:>50  mgm.)  required 
to  saturate  the  seruj  with  ascorbic  add.  the  utilisation  of 
ascorbic  acid  by  tho  frostbite  caeualty  was  high. 

5)  The  vitamin  C concentration  of  sterile  vesicular  fluid  was 
directly  related  to  the  amounts  found  in  the  sortsn* 

6)  There  was  no  correlation  between  the  levels  of  vitamin  C and 
cold  hemagglutinin  titers  in  identical  sera  of  normal  soldiers 
or  in  eera  of  frostbite  patients. 

7)  Low  aerua  ascorbic  acid  concentrations  were  mors  frequent  among 
patients  with  severe  frostbite  (third  and  fourth  degree).  More 
proof  ie  needed,  however,  that  the  utilisation  of  vitamin  C 
depends  upon  the  severity  of  the  injury. 

8)  The  diets  of  soldiers  resulted  in  values  of  serum  ascorbic  acid 
comparable  to  those  reported  in  the  literature  for  normal  adult 


sale  civilians. 

9)  Using  e titration  method  for  the  determination  of  vitamin  C, 
505C  of  1,698  healthy  United  States  soldiers  stationed  in  the 
Far  East  exhibited  serin  ascorbic  acid  levels  which  averaged 

0.5  mga.  per  100  cc.  This  value  was  considered  to  be  low 
compared  to  normally  accepted  standards. 

VI.  REPOMHEHDATIOrtS 

1.  To  provide  a higher  Margin  of  safety**  with  respect,  to  vit-anin 
C,  it  is  estimated  that  the  soldiers  diet  should  be  supplosentcd  with 
at  least  70I»  more  vitamin  C than  the  amounts  provided  in  1951-52. 

a.  studies  should  be  made  to  ascertain  whether  such  an  In- 
crease could  be  modified  in  accordance  with  improvements 
pertaining  to: 

1)  Degree  of  Stabilise  tics  of  vitamin  C food  (as 
provided  at  present). 

2)  Acceptability  by  soldiers  of  vitamin  C con- 
taining foods. 

3)  Reduction  of  kitchen  and  plate  waste. 

b.  It  ta  strongly  recccssended  that  ascorbic  acid  be  given  irf 
a preformed  state  under  strict  supervision.  The  daily 
oral  administration  of  200  mga.  of  vitamin  C to  all 
soldiers  would  ensure  satisfactory  blood-  concentrations. 

2.  Convalescent  frostbite  patients  should  receive  200  sign.  of 
ascorbic  acid  daily  in  addition  to  the  standard  hospital  diet  in  order 
to  ensure  satisfactory  blood  levels  of  vitamin  C. 

3.  Knowledge  of  the  effect  of  stress,  in  general,  on  the  levels 
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of  vitamin  C in  blood,  urine  and  tissues  of  man  is  very  meager*  A 
study  of  the  ascorbic  acid  alterations,  as  part  of  an  index  to  adrenal 
cortical  activity,  under  the  stress  of  military  activities  might  con- 
tribute to  a better  understanding  of  this  problem. 

4*  the  hiaaan  requirements  for  vitamin  C in  a cold  environment 
is  still  unknown.  Studies  of  the  vitamin  C requirement  by  the  ooldier 
in  a cold  environment  were  re cctn ended,  following  the  completion  of 
Exercise  Shiver,  by  the  staff  of  the  Army  Medical  Nutrition  Laboratory 
and  are  again  worthy  of  recommendation.  The  following  points  are  to 
bo  emphasised i 

l)  Por  better  evaluation  of  the  Vitamin  C requirement  by 
the  soldier  ascorbic  acid  not  only  in  blood,  urine  and 
excreta  but  also  in  tissues  must  be  measured.  Levels  of 
vitamin  C in  the  leucocyte-platelet  fraction  and  the 
ascorbic  acid-dehydroascorbic  acid  partitions  are  worthy 
of  consideration. 

j 

i 2}  Since,  under  wartime  conditions,  adequate  nutrition 

(specifically  with  reference  to  the  intake  of  rater 
and  calories)  is  often  temporarily  sacrificed  in  order 
to  accomplish  a mission,  evaluation  of  the  vitamin  0 
requirements  by  the  soldier  should  bo  made  with  reference 
to  the  quality  and  quantity  of  food  prevailing  under 
cars  bat  conditions. 

3)  Merely  estimating  the  vitamin  C content  of  foods,  as 
received  in  the  raw  unprocessed  state,  is  not  accurate 
enough  in  evaluating  the  amount  of  vitamin  C ingested. 
Because  of  the  ease  with  which  the  factor  is  destroyed. 
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* aore  accurate  estimate  of  the  vitamin  c content  of 
foods  ie  that  obtained  from  chemical  analysis  of  foods 
sampled  at  the  same  time  the  foods  are  ingested  by  the 
soldier. 
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COLO  HEMAOGUrriNATZOH  STOUT 
KOREA,  1951-52 

P&rt.  Zt  Technique  of  the  Cold  Hemagglutinin  Teet 
I.  OT30WCTI0W 

The  tern  "cold  hemagglutination"  applies  to  a non-specific 
agglutination  of  erythrocytes  in  cold  as  a result  of  a reaction  be- 
tween antigen  In  the  stroma  of  erythrocytes  and  hemagglutinin  in 
the  homologous  serin*  or  In  the  sera  of  othere  of  the  earns  or  dif- 
ferent species.  Th»  accepted  criteria  (l)  which  characterise  this 
reaction  are*  l)  a predilection  for  maximum  agglutination  in  the 
tenperatnr*  zono  Ju.tt  above  f rooting  (0*  to  5”  C.);  2)  a complete 
lack  of  spacificity  ijueh  that  the  antibodies  are  nuto-agglutinating, 
ioo-agglutimtlng,  and  hetero-ag’1  otirating  and  3)  a gradual  but- 
cwplete  reversibility  of  the  reaction  as  the  temperature  ia  raised 
or  lowered  through  a critical  temperature  tone. 

The  agglutinin  is  separable  by  absorption.  Is  independent  of 
the  mrlous  known  specific  hemgglwtinlra,  has  bean  identified  ch«si~ 
cally  ee  a euglobulin  (2?  s;id  has  the  electrophoretic  mobility  of  a 
gGcmvi  globulin  (3). 

Cold  hemagglutination  >as  first  described  in  animals  by  Land- 
stciner  in  190J  but  w\c  reported  also  in  hisaans  tbo  sane  year  by 
Biffi  (l).  It  since  has  been  the  subject  of  innumerable  reports. 

Certain  confusion  in  terminology  sxists  because  seme  type- 
specific  agglutinins  also  have  predilection  for  reaction  in  cold 
temperatures  and  as  such  could  bo  classed  e s "cold  agglutinating". 
These  specific  agglutinins  should  not  be  Included  under  the  term 
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"cold  hemagglutinin"  because  the  latter  term  automatically  iaplie* 
lack  of  specificity. 

The  usual  thermal  2one  of  reactivity  of  cold  hemagglutinins 
la  between  0*  and  20*  C.  (l).  Some  uncommon  agglutinins  which  fit 
the  definition  of  cold  hemagglutinins  in  every  other  respect,  do  not 
require  cold  temperature  for  the  reaction  to  occur.  The  tens  auto- 
ngglutlnln  la  sometimes  used  to  indicate  this  non-specific  hemagglut- 
inin which  has  a thermal  range  of  activity  extending  over  20*  C.  Since 
the  tor*  avtr -agglutinin  is  used  also  in  referring  to  one  of  the 
general  characteristics  of  cold  hemagglutinins,  the  meanings  of  terns 
again  become a confused. 

Terminology  comparable  to  that  defined  by  Stats  and  Vasserman 
(1)  will  be  used  In  this  report.  Cold  hemagglutination  will  refer 
t>  that  reaction  fitting  the  criteria  aet  forth  in  the  opening  para- 
graph of  this  report,  and  the  qualification  "high  thermal  amplitude" 
will  bi  applied  when  referring  to  those  exceptional  case*  in  which 
temperature  below  20*  C.  Is  not  essential. 

The  incidence  of  positive  cold  agglutination  tests  in  healthy 
individuals  presented  in  various  reports  in  literature  differ  widely 
(l).  PiOh-.bly  seme  of  the  confusion  on  the  subject  arteea  because 
the  basic  c ruse  and  physiological  role  of  cold  hemagglutinins  ire  un- 
known. A vast  majority  of  Investigators  have  attempted  to  Identify 
cold  agglutinins  with  some  pathologic  process  and  minimum  consideration 
has  been  given  to  their  occurrence  as  A normal  phenoaeren. 

The  technique  of  the  test  may  have  been  the  principal  cause  for 
disparity  in  results  reported  in  various  investigations  of  cold  hemag- 
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glutination.  The  problem  o f standardizing  * technique  has  occasional- 
1 y been  a source  of  concern  among  workers  studying  cold  hemagglutin- 
ation (1).  This  concern  is  aptly  suraiarized  in  the  following  quotation 
by  Savonen  (!>)*  "...Various  investigators  differ  markedly  not  only 
in  their  technique  of  investigation  but  also  in  the  reason  for  their 
appraisal  of  the  results.  Sene  consider  it  important  that  the  serua 
be  separated  from  the  heated  blood  sample  while  others  assign  no 
significance  to  the  temperature  at  which  serua  is  separated.  Some 
investigators  emphasize  that  the  serua  should  be  tested  in  the  fresh 
state  whils  others  aro  testing  samples  of  serua  that  are  several 
norths  old.  The  erythrocyte  concentration  in  tho  flnivl  dilution 
eyries  between  0.25*  and  5*,  and  acre  investigators  dm  fresh  erythro- 
cytes, while  others  use  erythrocytis  that  are  one  week  old.  The 
lneutjiloi.  period  may  vary  between  ccoo  minutes  and  24  ho^rr . Further- 
ttOTfi}  sjutjo  investigators  read  thtir  results  with  the  naked  eyes,  while 
others  use  s loup,  and  others  a microscope.  Str.e  authors  reckon  the 
dejre*  of  dilution  of  serua  to  be  that  which  was  ascertained  before 
the  edditien  of  the  erythrocyte  suspension,  while  others  take  the 
degree  of  dilution  to  be  the  one  which  the  senvn  has  after  the  ad- 
dition of  the  erythrocytee.  Considering  these  points,  we  realize 
how  uncritical  It  would  be  indiscriminatsly  to  eowpars  the  results 
reported  by  different  investigators." 

During  the  process  of  determining  11,000  cold  hemagglutinin 

titers  in  the  present  investigation  certain  erratic  features  of  the 
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test  were  encountered  and  modified.  In  order  tc  attempt  rational 
interpretation  of  the  results  with  respect  to  frostbite  a rather 
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extensive  evaluation  of  the  teat  itself  was  inevitable* 

The  purposes  of  this  port  of  the  report  are* 

1)  To  show  which  technical  procedures  were  responsible  for 
grossly  erroneous  results  and  what  modifications  were 
introduced. 

2)  To  justify  exclusion  of  portions  of  the  data  shown  to  be 
unreliable. 

3)  To  Indicate  the  limitation  of  accuracy  of  those  data  obtained 
by  the  Modified  method. 

II*  METHODS 

A*  Subjects 

All  cold  hemagglutination  tests  were  done  at  the  Cold  Injury 
Center  of  Osaka  Army  Hospital,  Osaka,  Jap.n  between  24  Novem- 
ber 1951  and  17  April  1952. 

Blood  samples  were  obtained  from  United  States  soldiers  who 
incurred  frostbite  in  Korea  and  from  a control  group  of  com- 
bat sold' ora,  ccmpiring  with  the  frostbite  group  as  nearly  as 
possible  fren  the  standpoint  of  echelon  of  eenbat  activity  in 
Korea.  Since  frostbite  is  an  injury  primarily  of  front-line 
battalion  troops,  the  original  plan  was  to  accept  only  similar 
combat  Infantrymen  for  the  control  group.  Subsequently  it 
became  necessary,  however,  to  include  rear  echelon  troops  as 
well  an  those  from  forward  areas.  As  a check  on  the  titer 
results  from  soldiers  stationed  in  Korea,  titers  were  also 
performed  on  the  sera  of  replacement  troops  arriving  in  Japan 
from  the  United  States  and  Hawaii. 
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Zt  will  be  noted  (Table  1)  that  the  control  samples  were, 
obtained  frets  three  different  populations* 

1.  United  States  soldiers  stationed  in  Korea.  The  samples 
were  obtained  in  Korea  and  air  transported  to  Osaka  for 
testing.  This  group  will  be  referred  to  as  Korea  Con- 
trols. 

2.  United  States  soldiers  arriving  at  the  Rest  and  Recuper- 
ation Center  lit  Osaka,  Japan  freu  Korea  for  a brief 
leave  from  ccnbat  duty.  This  group- will  be  referred  to 
as  the  R and  R Controls. 

3«  Replacement  soldier:)  arriving  at  Camp  Drake  from  the 
. United  State-)  or  Hawaii.  This  group  will  be  referred 
to  an  the  Camp  Drako  Controls. 

All  sera  from  frostbit*)  patients  (Table  1)  were  obtained 
after  they  were  ac!rJ.tted  to  Osaka  Army  Hospital  with  the 
exception  of  120  sera  collected  at  the  25th  Evacuation  Hos- 
pital, Taegu,  Korea  ard  flown  to  Japan,  A single  sample  was 
obtained  from  each  control  -subject-  whereas  the  majority  of 
frostbite  patients  vere  retested  one  to  eight  times.  Certain 
items  dealing  with  different  phases  of  technique  of  the  test 
are  included  in  Table  1.  References  will  be  cade  to  these 
factors  in  the  discussions  which  follow. 

B.  Procedures 

The  initial  method  of  detemining  cold  hemagglutinin  titers 
was  similar  to  that  summarized  by  Weiner  (5)»  with  the  ad- 
dition of  a presumptive  te3t  comparable  to  that  described  by 
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Young  (6)  in  order  to  eliminate  negative  sera  before  complete 
titrations  were  carried  out.  A major  modification  in  technique 
was  Introduced  bjr  reading  the  titers  inside  a walk-in  refrig- 
erator at  a temperature  of  0*  C.  instead  of  in  a warm  room. 

The  original  technique  involving  a preemptive  test  and  read- 
ing done  in  a warn  room  (approximately  25*  C.)  will  be  referred 
to  as  Method  A.  The  modified  technique  in  which  the  screening 
test  >r.n  eliminated  and  reading**  were  done  in  a walk-in  re- 
frigerator will  be  referred  to  as  Method  B. 

The  folic  ring  outlines  present  the  details  of  each  method.  • 

1.  Method  A 

a.  Handling  of  Blood  Samples 

Blood  samples  (5-10  cc.)  drawn  by  vane puncture 
were  allowed  to  clot  In  clean  test  tubes  (13  x 100  n*.). 
Samples  wore  processed  as  socn  after  they  were  drawn 
as  possible.  If  d eiay  vjs  unavoidable,  samples  were 
stored  temporarily  In  the  rofrigerator  at  0*  to 
4*  C.,  except  fur  the  specimens  sent  from  Korea. 

Storage  temperature*  of  the  latter,  while  enroute, 
were  admittedly  varied. 

b.  Separation  of  Sera 

The  whole  blood  • ••ample  s were  incubated  in  a 37*  C. 
water  bath  for  one  hour,  centrifugalixed  for  30 
minutes  and  the  uei a decanted. 

c.  Preparation  of  Erythrocyte  (Antigen)  Suspension 

Two  cc.  of  Group  0 whole  blood  were  added  directly 
to  13  cc.  physiological  saline  solution  in  a 100  cc. 
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centrifuge  tubo  before  clotting  could  occur.  The 
erythrocytes  were  washed  three  times  in  physiologi- 
cal saline  solution  and  then  diluted  with  phyal- 
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ological  saline  to  a l£  suspension  by  accurate 
measurement.  The  same  donor  was  usually  used. 
Suspensions  were  used  for  2 days  and  then  discarded, 
d.  Prasumptive  or  Screening  Test 

. To  0.5  cc*  of  each  serum  sample  in  clean  dry  test 
tubes  was  added  0.5  ce.,  UC  Group  0,  erythrocyte 
suspension.  These  mixtures  were  refrigerated  and 
readings  carried  out  as  indicated  below.  Negative 
readings  vsre  recorded  as  negative  and  only  positive 
sera  wore  titrated  further. 

•j.  Titration  of  Positive  Sera 

Serial  dilutions  of  sera  were  prepared  with  physio- 
logical valine  solution  using  a doubling  serological 
transfer  method.  The  serun  dilutions  before  the 
addition  of  antigen  were  as  follows: 


Tube  Number  i 

2 3 _ 

U 5 

.6 

7 

8 

Dilutions  of 
Sura  before  1:1 
Antigen  Added 

i.:2  l-.U 

1:3  1:16 

1:32 

1:6* 

1:123  1:256 

To  each  tubo  was  added  0.5  cc.  of  1?!  erythrocyte 
suspension  so  that  the  final  serum  dilutions  were 
as  follows: 
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Dilutions  of 

Sera  after  1(2  1(4  1(8  1(16  103  1(64  1(128  1(256  1(512 
Antigen  Added 

f.  Refrigeration 

The  racks  eonteining  titration  mixture#  were  placed 
in  a six  cubic  foot  upright  refrigerator  and  allowed 
to  remain  at  0*  to  A*  C.  'or  16  to  20  hours. 

Three  refrigerators  with  a six  cubic  foot  volume 
were  ueirt  fej  the  Method  A testa.  Each  refrigerator 
could  hold  40  Wassonwinn  racks.  A maximum  of  400 
preTuaptivn  test#  or  80  to  160  complete  titrations 
• couM  bn  #vored  at  onr  tima  in  each  refrigerator. 

g.  Titer  Readings 

. fh-s  rending  of  th*  titrations  was  carried  out  in 
tha  ireadiata  proximity  of  tha  refrigerators.  One 
rack  at  a tiav'  -./as  rc  .oved  from  the  refrigerator, 
placed  in  a bath  of  ice  viler  (which  surrounded  the 
lov*r  'JR1; -third  or  onn-haif  of  the  tube#)  and  the 
agg lull  nil to  . reaction  j read  irmedintely.  The  room 
te-.rcratura  was  approxlmatsly  25*  C.  Each  tube  was 
wiped  with  a to. 'el  ani  after  two  light  inverting 
agitations  exx-iltwd  through  a magnifying  glass  (mag- 
nifier 40  cm.,  1.5  lens)  using  a moderate  light 
source  (small  micr03C0|>e  lamp). 
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Each  tub*  vaa  read  as  either  4»,  3*,  2*t  or  1*  ac- 
cording to  the  following  criteria* 

It*  All  erythrocytes  completely  agglutinated  into 
a large  mass  or  into  clumps. 

3*  Clumps  smaller  but  surrounding  fluid  still  clear. 

2*  Coarse  granular  dumps  in  surrounding  fluid  pink- 
ish from  suspended  erythrocytes. 

1»  Fine  but  definitely  granular  clumps  with  sur- 
rounding fluid  pinker  from  increased  proportion 
of  suspended  erythrocytes. 

♦ Indefinite  granular  appearance. 

0 Negative.  Finn  evenly  divided  suspension  of 

erythrocytes  without  evidence  of  clumping, 
h.  Recording  Titer  Values 

The  titer  of  the  sonci  was  the  highest  final  dil- 
ution (antigen  added)  in  which  1«  agglutination  oc- 
curred. 

1.  Revainlng  Titrations 

As  a check  on  the  resolution  of  the  agglutinations, 
titrations  were  exa.-slr.ed  1 to  2 hours  after  standing 


2. 


at  room  temperature. 

Method  B ••  Modification  of  Cold  !'c, 
a.  Bleed  Samples 


rgluti nation  Test 


t 


V hole  blood  samples  were  stored  at  ro.-es  temperature 
where  delay  in  separating  sera  was  unavoidable.  They 
were  rev<-r  stor-d  as  whole  bleed  lsn,;>T  than  16  hours. 
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b*  Separation  of  S«r« 

Su»  a*  in  Method  A. 

o.  Preparation  of  Erythrocyte  Suspensions 

A single  Group  0 donor  ms  used  throughout  (except 
in  experiments  dealing  with  the  effect  of  varying 
the  eourco  of  antigen).  Only  freshly  prepared  eryth- 
rocyte suspensions  were  need. 

d.  Preemptive  or  Screening  Test 

Ulnlnated. 

e.  Tit ret Ion  of  Sera 

Sam  aa  Method  A. 

f.  Refrigeration 

Titration  mixtures  were  placed  in  a walk-in  re- 
.frigerator  (300  cubic  foot  capacity)  where  the 
ambient  temperature  ranged  frou  -2*  to  +2*  C. 

g.  Reading 

Reading  of  the  titer  tubes  was  performed  Inside  the 
walk-in  refrigerator.  This  obviated  the  necessity  for 
ice  water  baths  and  wiping  of  tubes  to  remove  frosting 
and  wnter  fren  the  outside  surfaces  of  the  tubes. 

h.  Recording  Viter  Values 

Bcphasis  vas  placed  on  the  distinction  between  1*( 
2*,  3»  and  U*  agglutinations  and  use  siade  of  differ* 
ent  titer  levels  which  may  be  defined  as  follows! 

1*  titer  - Corresponded  with  the  highest  final  di- 
lution in  which  a 1*  agglutination  oc- 


curred 
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2*  titer  - Corresponded  with  the  highest  final 
dilution  In  which  a 2*  Agglutination 
occurred* 

3*  titer  - Corresponded  with  the  highest  final 
dlltulon  In  which  a 3*  agglutination 
occurred* 

k*  titer  - Corresponded  with  tho  highest  final 
dilution  In  which  a k*  agglutination 
occurred. 


Tube  Jhiabor 

1 

2 

_JL 

4 

6 

•A 

* ....  9 

final  Sana: 
Dilutions 

1:2 

1*4 

liri 

1:16 

102 

1:64 

1*12M 

1*256  It 512 

Agglutination 

V* 

4* 

k* 

!♦ 

2* 

2. 

U 

l*  0 

k*  Ylteri  1j® 

3*  Tlteri  1:16 
2*  Tlteri  1*64 
U Tlteri  1*256 

AL1  four  titer  *mI ue*  were  recorded  for  e.\ch  sample. 
This  t jrpe  of  observation  permitted  quantitation  of 
the  degree  of  cj**lutloatlon  and  an  indication  an  to 
the  amount  of  agglutinin  present  in  each  specimen. 

1.  Rewarning  Titrations 
Sane  a*  in  Method  A. 

C.  Methods  of  Analysis 

Vlhen  a sufficient  number  of  cold  agglutination  titers  are 
done  on  any  homogeneous  group  the  results  follow  a frequency 


distribution  pattern  just  os  do  other  biological  phenomena. 

The  position  and  shape  of  the  distribution  curve  are  de- 

I 

pendent  on  the  following  factorsi  1}  class  Intervale  desig- 
nating titer  values,  2)  sensitivity  of  the  method  of  testing 
and  3)  peculiarities  intrinsic  to  the  individuals  of  the 
groups  being  studied*  1 

In  handling  the  class  intervals  there  acre  two  possi- 
bilities-' l)  actual  dilution  values  constituting  in  these 
experiments  the  geccstrtc  series  2,  4,  8,  16,  32,  66  etc. 
or  2)  coded  values,  such  u"  logarithmic  function  of  the 
dilution,  Ph*  latter  procedure,  in  the  form  of  the  fol- 
lowing codin*  ofstea,  was  employed  in  all  calculable nai 


Titer  Vo£.  1*2  l:\  1 *K  Ut6  102  ii64  U128  1i256  1*512  1«1024 


Coded 

Titer  012  16  5 6 7 8 9 10 

Value 


The  coleu  titer  valu-i  reprojjnta  the  highest  tube  nmber 
In  wt.ich  positive  ,**gl<itin ition  (!♦)  was  found.  Since  di- 
lutions were  doubled  in  each  successive  tube,  the  tube 
ijui’c-.r,  that  ia,  ths  coded  titer  value,  actually  represents 
the  exponent  to  the  b-tsj  two  (e.g.  1*64  oquals  2^). 

The  justification  for  this  coding  syste-a  was  that  it  tend- 
ed to  ror-ulico  most  of  the  distributions  analysed,  a dis- 
tinct a',/antago  in  enabling  fairly  accurate  visualisation 


of  titer  distributions  fros  information  as  to  the  means 


and  standard  deviations.  Also  the  system  simplified  calcu- 
lations without  altering  results  of  *V  or  "t*  teats* 
the  types  of  curves  obtained  using  this  coding  system 
varied  free  a Poisson  curve  to  a noraal  frequency  curve 
depending  on  the  sensitivity  of  the  method  Involved  and 
on  the  characteristics  and  homogeneity  of  the  gro*jp  being 
tested.  As  wilt  be  shown  in  Part  II,  the  Kethod  8 titers 
of  groups  with  the  greatest  degree  of  homogeneity  for  fac- 
tors which  seemed  to  influence  cold  hemagglutination  oc- 
curred as  norma*.  frequency  distributions* 

Statistical  method  i used  in  the'  an**?  son  included  the 
"t"  test,  the  correlations  ,*rhoH  and  "r*  and  the  various 
methods  of  chi  u^iam . In  frequent  Instances,  carparieons 
were  aide  between  two  site  of  samples  taken  frost  the  same 
group  of  Individuals,  where  the  two  sets  showed  a high  de- 
gree of  correlation.  The  test  for  significant  dlffsrence 
in  the  means  of  eu'-h  correlated  samples  Involved  the  formula 
which  Incorporated  the  "r"  value  In  the  calculation  of  sign* 
of  the  difference. 

III.  RESULTS 

A.  Reader  Ro liability 

One  of  the  most  critical  aspects  to  the  determination  of 
cold  hemagglutinin  titers  is  the  ability  of  the  expo  rime  r.tal- 
Ist  to  reproduce  his  readings  with  a high  degree  of  reliabil- 
ity. Since  no  experimental  procedure  was  designed  to  derive 
an  index  of  reader  reliability  an  attempt  was  made  to  assess 
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this  Important  factor  by  utilising  the  data  described  lit 
detail  under  a subsequent  section  (III  C)  entitled  "Effects 
of  Temperature  Variations  on  Cold  Hemagglutination'*.  These 
data  consisted  of  90  blood  samples  titrated  in  duplicate 
and  read  on  two  successive  days  according  to  Method  B. 

In  Table  2 are  shown  the  coded  titer  values  for  the  du- 
plicated titrations  as  randomly  read  by  the  same  individual 
(G.E.C.),  In  addition  the  differences  are  presented  be- 
tween the  individual  readings  aa  well  ae  other  etatiatlcal 
measures.  A statistically  significant  difference  was  found 
bet--cen  the  means  ot  the  first  and  second  readings  as  at- 
tested by  s "t"  value  of  4.915.  Perusal  of  the  table  re- 
veals that  the  eh>ntf>  s in  titer  values  wore  for  the  most 
part  In  the  s»r.s  direction,  ivvsely,  a reduction  in  titer 
value  for  the  second  set  of  titrations.  If  the  difference 
of  the  Means  had  resulted  frem  the  readers  variability  one 
would  not  have  anticipated  such  consistency  of  titer  valuos 
in  one  direction-  A "t"  value  of  0.164  proved  that  the  above 
rnern  difference  recorded  in  Table  2 did  not  deviate  signifi- 
cantly frtn  the  difference  of  coins  for  the  two  ridings 
(0.95).  Thus  it  can  by  postulated  that  the  factor  which 
contributed  cost  heavily  to  the  significant  difference  was 
the  effect  of  rewunaing  on  the  second  set  of  titrations 
during  the  transfer  process.  Further  reliability  of  the 
reader  was  indicated  by  the  high  positive  correlation  co- 
efficient of  0.359  obtained  between  the  first  and  second 
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readings.  ‘This  statistic  Indicate*  t>»t  the  change  in  titer 
values  noted  was  highly  consistent  suggesting  the  influence 
of  factors  other  than  that  of  reader  inconsistency. 

B.  Refrigeration 

The  single  plQrsical  factor  sost  essential  to  the  cold 
hemagglutination  reaction  is  cold.  The  reversal  of  agglutin- 
ation upon  renaming  is  recognized  only  as  a characteristic 
of  the  reaction.  Only  In  rare  instances  does  this  non- 
specific reaction  occur  at  want  temperatures  (25*  to  37*  C.). 

The  specifications  for  refrigeration  in  testing  cold  agglu- 
tination are  usually  given  as  between  0*  and  5*  C.  for  12  to 
16  hours.  In  reading  titers,  according  to  methods  usually 
described,  racks  are  removed  from  a refrigerator  and  read 
in  a van  room,  presumably  before  rewarding-  can  occur.  The 
roaming  effect  of  roca  temperature  may  or  may  not  lead  to 
error  in  instances  of  a single  test  or  a small  number  of  tests 
performed  on  one  occasion.  Tho  experiences  to  be  cited  in  tho 
following  paragraphs,  however,  suggest  that  error  due  to  re- 
naming was  great  when  a large  number  of  tests  were  performed 
at  any  one  time. 

1.  Method  A - Korea  Controls 

A total  of  3,337  whole  blond  saaples,  obtained  from 
United  States  infantry  soldiers,  were  shipped  to  Osaka 
from  Korea  between  2U  November  1951  and  12  January  1952 
(Table  l).  These  samples  were  shipped  in  11  separate 
lots  varying  in  size  from  37  to  818  specimens.  The  tests 
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were  carried  out  lasnediatelj  upon  arrival  of  samples  In 
Osaka,  so  that  the  number  of  tests  done  at  one  tine  cor- 
responded with  the  sizes  of  groups  shipped  from  Korea. 

The  tine  elapsed  between  the  drawing  of  samples  and  the 
separation  of  sera  ranged  between  2 and  7 days,  with  an 
average  of  Vo  days.  Two  additional  days  were  required 
for  completing  titration  and  rending  titers  of  each  lot. 

Those  titers  were  determined  by  Method  A.  The  grand 
Eaoii  titer  of  Korea  controls  was  O.&.  There  was  consider- 
able v>  elation  In  the  Kean  titers  of  the  separate  lots 
(Tahlo  1).  Mo  relationship  was  evident  between  the 
titer  rvi  am  lot  sizes  where  the  number  of  sample* 
were  200  or  less.  The  three  lota  larger  than  700,  how- 
ever, had  very  low  titers.  A statistical  comparison 
between  nwults  im  the  eight  Lots  of  200  or  less  and 
those  of  700  or  moie  showed  the  difference  In  tite»- 
’■lein.-i  to  bo  hifhty  significant  (Table  L). 

TABLE  3 


OISIRTWriOM  0?  LOTS  ACC0P.3IWJ  TO  SIZE 
A*.T>  KZ/uJ  T.r^.l  PCI  K0R2A  OC7TROLS 


Lot  .'A  7,0 

37 

58 

05 

i~2 

L96 

197 

193 

200 

732 

TiU* 

818 

1 iter  Jinan 

0,7 

11 

0.8 

1.3 

oa 

0.5 

1.0 

l.l 

0.2 

O.U 

0.2 

. '*  The  lot  of  T)h  r-.-inlea  ca.-e  ?rta  a Puerto  Rican  Regiment  whereas 

i the  lots  of  732  ard  53.8  wuro  obtained  froa  individuals  (pre- 

t dc.Tunately  /.bite)  originating  from  the  United  States.  Puerto 

Ricans  wore  believed  to  have  a predisposition  to  higher  titers 
i than  cither  ’Whites  or  Negroes  frrn  the  United  States.  (See 

Part  II  - Race) 
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2.  Ksthod  A - R and  R Controls 

Because  of  certain  unavoidable  difficulties  In  obtain- 
ing- blood  staples  In  Korea  and  shipping  then  to  Japan, 
the  age  and  condition  of  Korea  control  ea-jples  varied 
widely.  A uore  convenient  ecurci  was  frees  the  Pest  and 
RiCup-iration  Center  in  Csa'-c.i,  Japan.  The  crv»  disadvant- 
age of  this  sooi-co  was  that  sampling  could  not  always  be 
restricted  to  front-line  troops, 

A total  of  2,254  copies  obtained  zl  the  S and  R Center 
were  tested  by  Kuthod  A during  the  period  9 January  to 
19  February  1952  (Table  l).  Tho  sera  were  separated  and 
titrations  performed  the  isornlng  after  (about  16  hours) 
samples  wero  collected.  Thu  average  tins  between  col- 
loctlcn  of  blood  Ample s and  completion  of  readings  was 
3.3  days  with  a range  of  3 to  5 dr-ys.  The  results  (dis- 
regarding race  of  individuals  tested)  are  shown  In  Table  5 
together  with  comparison  with  those  of  the  Korea  controls. 
The  titers  of  R and  R controls  wero  significantly  higher. 
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When  the  three  largest  groups  (over  700)  of  Korea  control* 
were  excluded  for  a comparison  between  R and  R controls 
the  groups  were  more  uniform  In  size  (Table  k).  The  dif- 
ference in  titer  seen  (0.2),  even  though  significant,  was 
such  smaller  then  the  difference  (0.6,  Table  5)  in  the 
previous  comparison  between  Korea  and  P snd  B control 
groups.  Whether  ago  and  rough  handling  had  any  influence 
on  lower  results  of  Korea  controls  in  these  analyses  can 
only  be  conjectured. 

TABU  $ 

COMPARISON  OP  KEAil  COLD  KL!i\GGLOTI?/M  TITERS  OF 
KCR7.A  CONTROLS  TO  R /.HD  R CC.Y.POIS 
ACCOPJ)XKG  TO  KhTt'Csl  OF  PERFCjMXCT: 


Korea 

Control 


Titer 

M'an 

, s.i>.  ! t 

P 

■ 

0*/> 

♦0.92 

1.0 

H'23 

17.693 

<.001 

3*4 

. 11.50 

69.694 

<.oot 

).  Methf  1 A - Car.p  Crake  Controls 

Tiie  results  of  >87  tests  dono  by  Method  A on  sera  of 
replace  :wnt  troops  arrlvirg  in  Japan  fraa  the  United 
States,  had  a naan  titer  of  0.6  which- was  ccrp<arable  to 
tho  v.ean  titers  of  tho  staller  group.}  of  Korea  controls. 
The  condition  of  the  samples  fren  tho  replacement 
troops  was  good  but  the  size  of  the  group  (tested  at 
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one  time)  was  larger* 

4*  Method  8 - R and  Ji  Controls 

Cones'.*!!  over  adequacy  of  refrigeration  arose  because  of 
a poor  correlation  between  results  of  presumptive  tests 
and  definitive  titers.  Thors  was  also  a tendency  for  both 
presumptive  tests  and  complete  titrations  to  be  positive 
during  initial  readings  in  a series  and  negative  as 
readings  of  the  lot  progress'd.  The  use  of  Ice  baths, 
to  prevent  re warming  of  titration  mixtures  before  being 
read,  appeared  to  hare  little  influence  on  the  observat- 
ions. 

It  was  Bumper— * tv.f  titsro  sight  bo  influenced  by  the 
room  temperature,  tbereforo  facilities  ware  obtained  so 
that  the  cold  hesvagglr.tination  test  could  be  performed 
inside  a JCO  cubic  foot  walk-in  refrigerator  adjusted  to 
maintain  a temperature  of  0*  C.  (Kethrd  B).  A continuous 
temperature  record  m:de  on  a Frieze  fhernograph  indicated 
the  average  temperature  was  0*  C»,  with  a cyclic  fluctu- 
ation botwoen  -2*  and  *2*  C. 

Despite  the  drop  of  temperature  bolor  0*  C.  freezing  of 
the  test  tubes  did  not  occur.  Certain  advantages  in  read- 
ing titers  by  this  c-»thod  were! 

1)  I tore  distinct  agglutinations  with  less  tendency  to 
reverse  from  over  agitation. 

2)  Deletion  of  ice  baths. 
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3)  No  opening  and  closing  of  refrigerator  doors  between 
readings,  which  had  previously  been  factors  of  def- 
inite inconvenience* 

4}  The  outside  of  the  test  tubes  instead  of  becoming 
frosted  remained  clear  and  the  necessity  for  wiping 
each  tube  during  reading  was  obviated. 

Tho  Method  0 titers  for  R and  R control  sera  wore  signifi- 
cantly higher  than  those  of  either  Korea  or  R and  ft  con- 
trols tested  by  Hethod  A (Tables  5 and  6)-  Control 
samples  were  positive  (98.6%)  of  which  63.8%  had  a titer 
of  1:8  or  higher.  The  difference  in  these  readings  ct»- 
pared  to  thee?  obtained  In  Method  A was  attributed  mainly 
to  tho  oarefut  control  of  temperature  (-2*  to  *2*  C.) 
throughout  ii,'j  refrigeration  and  reading  phases  of  the 
test . 

TASLE  6 

co-smioCM  Esre?::-j  jcan  co u>  Hjyjiccurrnmi  titers 
o?  s and  n co.rrm  for  hotrods  a and  3 


Race 

Method 

n 

Titer 

Mean 

S.  D. 

t 

P 

White 

A 

1619 

o.y 

♦1.19 

47.437 

<.001 

8 

1432 

3.4 

♦1.55 

Negro 

A 

220 

L.4 

BN 

13.735 

<.C01 

a 

172 

3.6 

Hal 

5.  Method  A and  B - Frostbite  Croup 

A total  of  1,181  tests  were  performed  on  sera  of  471 
frostbite  patients.  The  r.era  were  tested  in  26  separate 
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lota  vhJ-h  had  an  average  of  4>  (range  4 - 175)  speei- 
Hnt.  Results  of  Initial  titers  of  214  White  and  171 
Negro  patients  are  show  in  Table  7 along  with  analogous 
results  from  Method  B titers  for  126  White  and  120  Negro 
frostbite  patients*  The  comparisons  showed  that  the 
Method  B Bean  titers  were  significantly  higher. 

TABU  7 

CCMPARIfXH  EIWS5J  K ?.*H  COLD  HTl'.CGLUTIMIN  TITIR3 
OP  FBCSTBIT2  PATE  SS  PCI  H2TK0D3  A AND  B 


Race 

Kothod 

N 

Titer 

i!son 

'"  "‘i 

».  B 

— 

t 

P 

White 

A 

214 

hJL. 

♦1.21 

IB. 551 

<-001 

0 

126 

4.3 

il.42 

Megro 

A 

191 

2.1 

♦1.46 

15.81J 

<.001 

8 

120 

4.7 

♦1.4? 

C.  f net  of  Temperature  Variations  on  Cold  Her-t^slutination 

jh  order  to  alueidate  the  influence  of  temperature  variations 
on  titer  valuee  80  sera  were  titrated  in  duplicate  with  one 
set  being  processed  according  to  Method  A and  the  other  b y 
Method  B.  Records  were  kept  of  th»;  temperature  inside  the 
refrigerators  (hiring  the  experlBent.  The  ter.porature  inside 
the  500  cubic  foot  refrigerator  fluctuated  regularly  between 
-2*  and  *2*  C,  averaging  0*  C.  There  was  a steady  rise  frem 
-2*  to  C.  in  the  six  cubic  foot  refrigerator  during  the 
30  Einute  reading  period.  Ths  individual  titer  values  ob- 
tained by  etch  aethod  ere  shown  in  Table  8.  Analysis  in- 
dicated that  in  spite  of  significant  positive  correlation 
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ths  Method  A valuta  had  a negative  correlation  (r  » -0.409) 
which  was  significant  (P  <.01).  Tht  eacparison  between  tht 
two  correlations  showed  a significant  difference  (t  « 5.263* 

P <.001).  These  analysts  show  that  for  Hathod  A there  existed 
an  inverse  relationship  between  the  titer  value  and  refriger- 
ator temperature. 

Any  error  introduced  by  poor  temperature  control  would  de- 
pend not  only  on  temperature  rise  within  the  refrigerator  but 
also  upon  the  warning  effect  of  the  room  temperature  as  the 
tubes  were  being  retd*  These  influences  cannot  be  expected 
to  re-nin  constant.  The  rice  la  temperature  inside  the  re- 
frigerator deprm-!-jd  upon  the  following* 

1)  Precpionc7  of  opening  the  door. 

2)  Duration  of  each  opening. 

3)  Total  number  of  tir.ee  opened. 

A)  Tej^>ratur«  of  the  rocn. 

5)  lifflelenoy  of  the  refrigerator. 

6)  Volume  of  the  refrigerator. 

The  extent  of  the  warning  effect  resulting  frees  exposing  the 
titrations  to  reen  temperature  during  reading  would  likewise 
be  Inconstant.  This  of  feet  depended  upon  the  room  temperature 
ar.d  tJLmo  consumed  with  each  reading. 

The  effect  of  wnr-ilng  on  the  agglutination  ei-tber  in  the 
refrigerator  or  In  the  roca  would  also  be  dependent  upon  the 
thermal  amplitudes  of  the  cold  hemagglutinins  being  tested. 

The  evidence  presented  indicated  that  temperature  variables 
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bad  an  lriportant  bearing  ou  result*  of  the  cold  henagglutlnation 
tests.  Therefore  maintenance  of  a constant  temperature  during 
refrigeration  and  reading  was  deemed  necessary. 

D.  Age  and  Source  of  Antlgaa 

Tb#  affect  of  the  ago  of  the  erythrocyte  suspension  (antigen) 
was  not  investigated.  All  erythrocyte  suspensions  were  pre- 
pared fr co  freshly  drawn  0 blood  for  Method  B tests. 

It  is  reasonable  to  expect  that,  donors  for  erythrocyte  sus- 
pensions night  vary  to  scent  extent  la  antigenicity.  To  avoid 
such  a variable  the  uma  donor  was  used  for  Boat  of  tho  Method 
A teste.  Different  donors  were  tried  on  a few  occasions.  The 
technician  reading  the  titers,  however#  claimed  greater  dif- 
. fleulty  in  determining  end  points  whm  blood  other  than  that 
fros  the  original  donor  (L.8.)  was  used.  The  source  of  antigen 
was  restricted  to  ©no  donor  for  the  Method  B tests. 

Studies  wars  Bade  to  teet  the  effect  of  different  Croup  0 
donors  on  titer  values.  In  one  study  2 A sera  were  titrated  in 
duplicate  and  the  erythrocytes  of  L.B.  used  for  one  set  and 
those  of  B.Z.  In  the  other  (Table  9)»  There  was  significant 
correlation  betvsen  the  two  sets.  The  difference  in  the  swans 
was  statistically  significant.  ’ 

In  s second  study  30  «era  wore  titrated  in  duplicate.  Th* 
erythrocytes  of  L.B.  wore  usod  In  the  first  set  and  colls  of 
threo  different  donors  wore  used  for  the  second  group  (10  de- 
terminations for  earh  donor  cell  suspensions).  Tho  correlation 
between  the  two  sets  w,.s  significant  (Table  9).  There  was  a 
significant  difference  In  the  means  of  the  two  sets. 
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TABU  9 

THE  EFFECT  OP  DIFFERENT  ANTIGEN  DONORS  ON  THE  KEAN  TITERS 
OBTAINED  FROM  HBfriCAL  SAMPLES 


Erythrocyte 

Donor 

N , 

Titer 

Mean 

S.  D. 

Correlation 

Cocparieon  1 

r 

P 

t 

P 

L.B. 

24 

4.2 

£.1? 

' 0.838 

<.01 

2.827 

<.01 

B.Z. 

~tK 

A.5 

^1.24 

L.B. 

70 

3.9 

^Ui2 

0.9C6 

<.01 

2.079 

<.05 

Cf  -cirv»d 

30 

X.i 

11.A5 

K.  Storage  of  Blood  Samples 

A study  was  made  relative  to  the  Banner  of  storing  whole 
blood  samples,  namely  whether  cold  agglutinin  potency  was 
maintained  best  at  refrigerator  or  at  roa»  temperature-  Prior 
to  the  initiation  of  the  Method  B test,  the  practlco  vne  to 
refrigerate  the  control  am.ples  and  separata  the  sera  In  the 
morning.  At  tiros  temples  would  freest  because  of  uneven 
refrigeration  and  tho  rec'ilting  hemolysis  aado  the  readings 
difficult  and  inaccurate.  Consequently,  the  procedure  was 
changed  to  storing  samples  at  room  te-pernture  overnight. 

Blood  was  drawn  fnw  54  patients  and  each  sample  divided  in 
half.  One  set  of  whole  blood  tuples  was  stored  overnight  at 
roera  temperature,  the  other  in  the  rofrigerator.  The  f«Uow- 
ing  aornJng  titrations  were  perfor-cd  on  both  sets  of  samples 
by  identical  toefcniquo.  There  was  significant  correlation  be- 
tween the  two  acts  of  titers  (Tr.ble  10).  The  mean  tltor  value 
of  the  refrigerated  ear-.plcs  wne  significantly  lower  than  that 
of  the  bloods  stored  at  rooa  temperature. 

Zt  was  concluded  that  storage  of  whole  blood  samples  at 
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temperature  mi  as  satisfactory  u storage  bj  refriger- 


TifiUt  10 

■ OCMPARXSCh'S  V?  MBAH  COLD  IffittOGLOTIXIN  TITERS  PCS  DUPLICATED 
UnmCAL  SAMPLES  S7CSZD  AT  TtO  DIWIKaiT  TEffESATUHES 


location 

of 

Titer 

Corral 

stfon 

Storage  . 

H 

Kean 

S.  D. 

r 

P 

\ 

f 

lefrirerator 

Si 

+1.20 

0.915 

<.ca 

2.550 

<.02 

god 

IT 

u 

w.  jnggCTgg 

It  vu  not  Intended  that  the  studies  presented  hen  represent 
an  exhaustive  evaluation  of  the  technique  of  testing  for  cold  hemag- 
glutination. Bather  it  ana  anticipated  that  the?  act  aa  a guide  to 
reliability  of  lata  aecusdlatcd  specifically  for  the  study  of  frost- 
bite , Purthernore,  If  any  part  of  the  data  wee  to  be  discarded  as 
grossly  inaccurate,  th  j justification  for  such  a selection  had  to  be 
established. 

The  greatest  emphasis  u&s  placed  on  careful  control  of  temper  - 
eture  to  xblch  titration  Mixtures  sere  subjected  because  it  mi  apparent 
that  poor  control  of  terperaturv  was  the  Moot  iaportent  cause  for  vari- 
ation in  the  bulk  of  teste  porforr-H  by  Method  A.  The  six  cubic  foot 
refrigerator  see  adaitftedly  inefficient  for  work  of  this  type  because 
of  tho  snail  volu-.a  and  relatively  lar^e  door,  a combination  which 
readily  lecds  to  temperature  rise  within  thj  refrigerator  fren  repeated 
opening  of  the  door.  Another  point  to  be  emphasized  is  that  the  Jfcthod 
A readings  were  dona  in  a rooo  that  was  always  warn  and  often  overheated. 

Direct  evidence  it  an  interaction  between  warn  air  and  eold  tubes 
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mi  readily  apparent  by  the  frosting  of  toot  tubes.  Frosting  tended  to 
occur  inside  the  refrigerator  shortly  after  s series  of  Method  A readings 
was  started.  It  did  not  occur  during  the  Method  B readings  unless  the 
worker  breathed  directly  on  the  tubes.  Row  cool  a roc*  had  to  be  to 
eliminate  any  substantial  reversing  effset  on  titration  mixtures  was 
not  studied.  The  reading  of  tltora  la  an  atmosphere  of  0*  C.  elininated 
any  possibility  of  revaralng.  This  was  the  justification  for  using  the 
Method  B techniques.  The  high  titer  values  obtained  in  Method  B were 
rather  surprising  in  view  of  tho  usually  reported  low  incidence  of  this  ’ 

f 

phenomenon  in  hoelthy  individuals. 

These  studies  on  technique  centered  on  reproducibility  of  results 
and  the  modifications  designed  to  inprove  accuracy.  Inaccuracies  in 
Method  B night  bo  attributed  to  errors  of  titration  and  reading.  The 
principal  reader  did  have  considerable  practice  in  developing  con- 
sistent reading  (8,35?  titers)  before  introduction  of  the  modified 
method. 

V.  SffCMST  /J.D  OCSOUSIOh’S 

Standardization  of  tho  cold  hemagglutination  test  was  essential 
for  the  investigation  of  frostbito  since  conclusions  re  re  based  on  a 

statistical  comparison  of  the  titers  of  different  groups  of  soldiers.  j 

Tine  did  rot  permit  an  exhaustive  study  of  all  phases  of  Methodology.  j 

For  tho  sake  of  expediency,  a choice  had  to  be  mde  of  those  procedures  { 

which  so*>asd  noro  reasonable  or  lane  controv* ratal  whethsr  or  not  proof 
va.-  established  es  to  their  superiority  over  alternate  procedures.  A 
general  indication  vas  presented  of  tho  limitations  of  rccuracy  ex- 
perienced in  performing  cold  he:v\£3lutin3tion  tests  by  Methods  A and  B. 
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It  waa  concluded  that  the  titer  values  obtained  by  Method  B were  ac- 
curate and  reproducihle.  Analyses  shoved  that  the  technician  reading 
the  titers  had  a high  degree  of  reliability  and  consistency. 

VI.  BECCKMnrDATICTIS 

' The  recoccondatlons  as  to  optima  procedures  (Method  B)  for 
performing  tho  cold  h-Aaggluti  nation  test  were  as  follows. 

A*  Refrigeration  and  Beading  Temperature* 

Readings  should  be  Bade  in  an  envlror<r*nt  in  which  the 
temperature  varies  but  ^inirally  and  corresponds  to  the 
refrigeration  temperature  of  the  sample. 

B.  Erythrocyte  Suspensions 

Tho  uao  of  freshly  dr?vr«  blood  obtained  froa  the  ease 
donor  throughout  should  be  tho  procedure  of  choice. 

C.  Method  of  Stor#.- d of  Blood  Ssuple* 

Storage  of  whole  blood  samples  overnight  should  be  at  a 
roca  te  gNjr^tnro  of  apprcxlr-stely  25*  C. 
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GOLD  HEK1GGLSJTINATIOH  STOUT 
KOREA*  1951-52 

Pa  it  Q - Relationship  of  Cold  Hemagglutination  to  Frostbit* 

I.  CiTPODUCTIOW 

An  extensive  study  of  the  relationship  of  cold  hemagglutina- 
tion to  frostbite  vas  motivated  by  the  hypothesis  that  an  individ- 
ual's susceptibility  to  frostbite  could  be  directly  correlated  tilth 
titer  of  cold  hemagglutinins  in  his  senna,  Weiner  (l)  reported  an 
Investigation  in  which  cold  hemagglutinin  titers  were  significantly 
higher  in  a group  of  individuals  frostbitten  in  Korea  during  the 
winter  1950-51  than  In  308  healthy  soldient  stationed  at  Fort  Knox* 
Ky.  A theory  vaa  developed  that  intravascular  agglutination  might 
occur  In  conjunction  with  vacospacw  and  local  chilling  during 
exposure  of  a part  to  cold  if  a high  cold  hemagglutinin  titer 
existed.  Local  tiasuc  cooling  and  injury  would  then  be  due  in  part 
to  hemic  stasis  associated  with  intravascular  cold  hemagglutination. 

Occasional  references  have  appearod  in  tha  literature  sug- 
gesting h relationship  between  cold  hemagglutination  and  cold  sus- 
ceptibility. An  indication  that  cold  hemagglutination  might  have 
some  bearing  on  individual  susceptibility  to  trenehfoot  was  stated 
by  Parker  (2)  in  a personal  communication  cited  by  Platt  and  Ward 
but  no  data  were  submitted  to  support  this  belief.  Stats  and  Wssser- 
man  (3)  suggested  investigation  of  the  possibility  that  individual 
tolerance  to  cold  ia  dependent  upon  the  titer  of  normal  cold 
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hemagglutinins.  Tn  studies  on  experimental  frostbite  of  rabbit  limbs, 
Lange,  Weiner  and  Boyd  (4)  reported  observations  of  skin  capillaries 
using  a capillary  microscope  in  which  erythrocytes  were  seen  to  clump 
into  irregular  masses  concomitantly  with  a halting  of  circulation 
Just  before  freezing  of  tissue  occurred.  Immediately  after  thawing, 
the  reverse  process  was  noted.  Further  investigation  was  suggested 
to  determine  if  this  phenomenon  represented  cold  agglutination. 

Similar  descriptions  of  intravascular  clumping  havo  in  fact 
been  reported  by  Iwai  and  h'ei-sal  (5),  Jessen  and  Bing  (6),  •*.ad  Stats 
and  Bullowa  (7)  in  studies  of  individuals  with  potent  cold  hemagglu- 
tinins. These  examinations  wore  made  on  conjunctival  vessels  follow- 
in"  lavage  of  the  conjunctival  sacs  with  cold  Isotonic  saline  solu- 
tion. Reversal  of  the  clumping  occurred  when  Warmth  returned  to  the 
tissues. 

The  pur  jse  of  this  study  was  to  determine  the  relationship  ■ 
of  cold  hemagglutination  to  frostbite.  One  obstacle  to  this  investi- 
gation was  the  lack  of  knowledge  of  Just  what  forces  determine 
Inherited  differences  or  acquired  ctp.ngQ  in  the  amount  of  circulating 
cold  agglutinin  in  normal  individuals.  The  lack  of  Information  on 
this  subject  made  it  difficult  to  plan  the  experiment  so  as  to 
control  such  forces. 

II.  KS1  HODS  . ' _ ' 1 

A.  Subjects 

The  cold  hemagglutinin  titers  analyzed  in  this  part  of 
the  report  were  done  on  sera  of  frostbite  patients,  R and  R 
control  subjects  and  Camp  Drake  control  subjects.  The  titers 


■from  the  frostbite  group  were  designated  either  as  the 
Initial  titer  (first  test)  or  the  modal  titer  (most  frequently 
occurring  value).  Because  only  one  titration  was  performed 
for  each  control  subject  the  Initial  titer  for  patients  was 
used  in  analyses  involving  comparison  between  frostbite  and 
control  groups* 

B.  Procedure 

All  titrations  were  performed  according  to  Method  B as 
outlined  In  Part  X and  all  titers  were  read  by  one  tech- 
nician (C.S.C.). 

III.  RESULTS 

A.  Intrinsic  Factors  and  Cold  Hemagglutination 
1.  Race 

The  make-up  of  various  racial  groups  studied  was  as 
follows: 

a)  White  - United  States  Caucasians. 

b)  Negro  - C.:Ucd  States  Negroes. 

e)  Mongolian  - Ancestry  fro*  the  yellow  race, 
mostly  Japanoso  living  in  the  United  States 
- or  Hawaii. 

d)  La. In  American  - mostly  individuals  with 
Puerto  Rican  or  Mexican  ancestry. 

e)  Hawaiian  - Native  Hawalians. 

The  titers  of  Negroes  were  significantly  higher  than 
those  of  Whites  in  all  comparisons  except  the  one  in- 
volving R and  R control  subjects  (Table  l).  An  ex- 


planatior.  for  this  exception  has  to  do  with  tho  —31 
proportion  of  Negro  controls  frees  battalion  laral  in 
contrast  to  Whlta  controls  (Table  2).  There  was 
evidence  (to  be  presented  elsewhere  in  this  section) 
that  titers  were  higher  among  troops  from  forward  cos- 
bat  areas  than  among  rear  echelon  troops.  Consequently, 
a higher  mean  Initial  titer  might  have  been  anticipated 
in  the  Negro  group  if  the  distribution  with  respect  to 
forward  and  rear  echelons  had  been  comparable  to  the 
White  group* 

TUUE2 


RACIAL  DISTRIBUTION  Of  TUB  R AND  B CONTROL  GROUPS 
ACCORDING  TO  OCMEAT  ECHFXON 


1 ' v 

ilte 

Ifonro  1 

_Cor.bat  Ssh.slon  _ 

hi  h****i  gi  ~T 

, 5?',°% 

Amy 

332 

23.3 

68 

51.2 

Division 

4i9 

29.4 

34 

19.8 

Regiment 

401 

23.1 

42 

24.4 

Rittalicn 

275 

19.3 

8 

4.6 

Total 

L427 

100.1 

172 

100.0 

The  difference  between  titers  of  White  and  Negro 
races,  while  distinct,  was  not  large.  Creator  dif- 
ferences were  noted  in  comparison  of  Whites  with  other 
racial  groups.  The  apparent  order  of  Inherent  cold 
hem^gglutinating  tendency  (by  increasing  order  of 
mean  initial  titer)  was  as  followss 
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Whit* 

White 
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Her, 10 

Hem 

• 

Latin  t-i srlcan  * 
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Mongolian 

Mongolian 

(Bondi) 

m 

m 

Hawaiian 

The  data  presented  her*  indicated  that  cold  hemag- 
glutinin titers  differed  significantly  among  the 
various  racial  groups  studied.  Tbs  possibility  that 
unrecognised  diseases  say  account  On*  these  differences 
cannot  be  entirely  excluded.  The  subjects  studied  were 
healthy  troops,  therefore  the  differences  were  con- 
sidered a manifestation  of  racial  characteristic. 
Because  of  the  rectal  differences  an  analyse*  war* 
aade  without  first  grouping  data  according  to  race. 

2.  Blood  Croups 

Limited  data  wars  collected  for  en  analysis  of  the 
relationship  between  the  blood  group  of  a serum  and 
its  anti-0  cold  agglutinin  content.  The  information  as 
to  blood  group  was  taken  fnxn  identification  tags  of 
273  White  soldiers  of  the  R and  K control  group  at  the 
time  the  blood  apples  were  collected.  It  should  be 
pointed  out  that  such  data  derived  frea  identification 
tags  may  embody  a 15?  error  (8),  The  distribution  of 
these  individuals  according  to  blood  group#  approximated 
the  expected  no  real  (Table  3).  The  titer  means  followed 
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TABLE  3 

DISTRIBUTION  OP  COLD  HSilGGLHTININ  TITEBS  FOR 
273  V5HT2  R AND  R OCSTSDL  SUBJECTS 
AC 00 ROIUG  TO  ELOOD  (SOUPS 


a 

the  sequence  0,  A.  B and  AB  with  0 th«  lowest,  A and 
B approxLsntely  ecu*!  and  AS  highest.  Blood  group 
. difference*  should  not  influence  the  analyses  present*) 
in  this  investigation  because  the  distribution  of  blood 
groups  was  assumed  to  retain  constant  as  long  as  the 
racial  distinction  was  Bade. 

3.  Ago 

A relationship  has  been  found  between  age  and  titer 
of  naturally  occurring  anti-A  and  anti-B  agglutinin  a 

r 

(9).  Their  studies  indicated  that  these  agglutinins  are  *''' 

low  at  birth,  increase  to  a peak  about  the  tine  of 
puberty,  and  very  gradually  decline  thereafter.  The 
question  arose  as  to  whether  any  relationship  to  age 
holds  also  for  the  individual’s  normal  cold  hemagglutina- 
tion tendency.  Tr.e  present  investigation  concerned 
soldiers  within  a narrow  age  range. 

Data  were  available  on  the  ages  and  titers  of  240  frost- 
bite patients  (Table  4).  The  correlations  between  age 
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Blood 

Observed 

Incidence 

Keen  Initial  Tltar 

8.  D. 

Croup 

r?o. 

X 

0 

134 

49.1 

3.1 

11.36 

A 

107 

39.2 

3.6 

11.42 

B 

19 

7.0 

3.6 

11.51 

AB 

13 

4.8 

3.8 

12.40 

21_ 

O 

3.7 

Atn„. 

T1ELB  ( 

CORRELATIONS  BETWEEN  THE  AGE  OP  PHOSHffTK 
PATH3JTS  AMD  THEIR  HO  DAL  TETSRS 


Race 

no. 

Pastors 

/Trt*. 

3car* 

S.  D. 

r 

White 

Age  (Irs.) 

22.3 

L8-38 

13.23 

0.003 

122 

Kodal  Titer 

(.2 

1-8 

2l.(0 

Hegro 

118 

Age  (Tra.) 

21.6 

17-27 

n.% 

" 

0.152 

)!odal  Titer 

(.8 

2-9 

21.(0 

and  titer  were  cot  significant.  It  w concluded  that 
in  thin  investigation  ago  difference  had  no  significant 
bearing  on  cold  hemagglutinin  titers* 

A*  Cold  Stress  Studies 

A substantial  nucsbor  of  the  frostbite  patients  was 
subjected,  for  purposes  of  a different  Investigation* 
to  eeve:-iO.  1 to  2 hour  exposures  (A  to  10)  In  anbient 
temperatures  ranging  between  35*  and  60*  P.  It  wan 
important  to  know  whether  or  not  short  exposures  to 
cold  could  influence  cold  hemagglutination  either  bjy 
direct  action  or  by  indirect  effect  (increased  in- 
cidence of  upper  respiratory  infections).  A comparison 
was  Bade  between  the  average  modal  titers  of  patients 
exposed  and  those  who  were  not  exposed  (Table  5)* 

The  results  shoved  that  the  average  Modal  titer  of  the 
exposed  and  unexposed  groups  did  not  differ  significantly. 
It  was  concluded  that  these  brief  repeated  exposures  of 
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COMPARISONS  0?  ATERACS  M30AL  COLO  HEMAGGLUTININ 
TITERS  FOR  FROSTBITE  PATIEMTS 
WITH  RESPECT  TO  COLO  STRESS  . 
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Croup 

No. 

*»*• 

Modal 

Titer 

S.  0. 

t 

f 

Exposed 

33 

4.0 

11.34 

0.858 

>.30 

Unaxposed 

93 

4.3 

11.46 

Exposed 

37 

4.8 

11.44 

0.003 

>.90 

Dnexposed 

83 

4.8 

11.35 

patients  to  cold  had  no  appreciable  effect  on  their 
cold  hemagglutinin  titers. 

B.  This  Frostbit*  Croup 
I.  Site  of  Injury 

There  sight  be  reasons  for  a difference  In  the  effect 
of  cold  heafgglutlnatlou  in  the  pathogenesis  of  frost- 
bite of  the  hands  as  compared  to  its  influence  on 

0 

development  of  frostbite  of  the  feet  (differences  in 
blood  supply  to  the  hands  and  feet).  A comparison 
between  average  nodal  titers  Of  patients  with  only 
frostbite  of  the  hands  and  those  with  frostbite  of 
the  feet  included  106  White  patients  and  106  Negro 
patients  (Table  6).  The  differences  in  mean  titers 
with  respect  to  ana  tool  cal  »Ue  of  frostbite  were  not 
statistically  significant  in  either  White  or  Negro 
groups.  Therefore*  grouping  data  regardless  of  loca- 
tion of  the  lesions  In  subsequent  analyses  seemed 
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TABLE  6 


O0KPABI3OVS  OF  AVERAGE  MODAL  TITERS  FOE 
FROSTBITE  PATIENTS  WITH  RESPECT  TO 
AHATGXXCAL  SITE  OF  IHJBKT 


Race 

IlgS 

Ho. 

m 

■ns 

n 

R 

■ 

White 

i a 

Ksa 

27 

79 

4*5 

4.2 

£.63 

11.34 

1.015 

a 

Negro 

Hand 

Foot 

29 

77 

4.6 

4.6 

H 

0.094 

>.90 

justified. 

2.  Kaxieua  Degree  of  Injury 

Since  It  has  been  proposed  that  cold  agglntinine 
night  here  sows  influence  on  the  severity  of  tissue 
dnuge  in  frostbite*  e d“~onotrable  relationship  night 
be  anticipated  between  seen  Initial  titer  and  war!  must 
degree  of  Injury.  A ceaparleon  of  Man  titers  accord- 
ing to  various  degrees  of  injury  is  shewn  in  Tables  7 
and  8.  Because  of  the  mall  nuwbor  of  fourth  degree 
injuries*  third  and  fourth  degree  patients  were 
grouped  together*  In  the  White  group  differences 
in  aeans  were  r.ot  significant.  Larger  differences  in 
neons  vara  found  in  the  nogro  group,  with  the  third- 
fourth  degree  groups  haring  the  highest  aean  titer* 
firot  degree  next  and  seeond  degree  lowest.  Therefore, 
analyses  wore  made  with  respect  to  the  degree  of 
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TABLE  7 

COMPARISONS  OP  COLD  HEMAGGLUTININ  TITERS  FOR 
WHTE  FROSTBITE  PATIENTS  ACCORDING 
TO  MAXIMUM  DECREE  OF  INJUR! 


agglutination  within  a given  titer  value.  The  difference 
between  second  degree  and  the  third-fourth  degree  groups 
vaj  the  only  one  statistically  significant.  Tne  results 
vere  consistent  at  all  four  levels  of  agglutination 
(Table  8).  This  peculiar  relationship  could  not  be 
explained. 

A correlation  between  titers  end  degree  of  maximum 
Injury  for  126  White  patients  was  not  significant 
(r  ■ 0.028).  A similar  correlation  for  120  Negro  patients 
was  3i;y.ii’ieAntly  different  fro-s  zero  (r  • 0.218  P <.05) 
tut  was  of  too  lev  an  order  to  be  important.  This 
correlation  was  also  consistent  with  low  titers  of 
second  degree  and  high  titers  of  third  degree  Negro 
patients  and  nay  have  been  the  result  of  as  yet 


TABLE  8 

COMPARISONS  OP  COLD  .HJXAGGLUTININ  TITER3  FOR  NSGKD  FROSTBITE 
PATHS  ITS  WITH  RESPECT  TO  TIT52  LEVEL  AND 
MAXIMUM  DEGREE  OF  INJUR! 


Degree  of  Mnxlaun  Degree 
Agglutination  of  Injury 


_!^l 


First 
Second 
it 
r. 


1* 

First 

Third  r.rd  F'u:rth 

2* 

rivet 

T'  1 r»!  .nd  Perth 

>.30 


0.337  I >.70 


0.681  >.30 


1.387  >.10 


rd  cr.d  !Vyrth|  58 


16 


Tr'-a  md  J'.u-th 


1.210 


1.148 


1.276 


0.365 


Second  A6  4.2  11.25 

. T'-'rd  rr.d  Fourth  _53  5.1  1 ♦l.»A 

~|S'.cciiJT ’ ft tl-T^ 

T*d  -d  r.rd  Fourth  I 56  _34 |_iia6 

£::o:,d  ~~  i,6~|  1.3  li.il 

__  Thfrd  r-id  Fcath  _58__  JSw! ♦lA33 

Second  46  6.4  10.63 

I Third  rnd  Fwrth  1 58  0.9  Il.11 


rnd  Fourth  ] 


6.2  11.25 

-JL-1 

2.9  HaS 
3.4 11.46 

1.3  liar 

2.2 il,33 

“676  io76:r 

0.9  Il.11 


<.001 

<.05 

<.001 

<.01 


unrecognised  factors  rather  than  a distinct  relation- 
■hip  between  degree  of  injury  and  titers.  Because  of 
the  lack  of  correlation  in  the  White  group  and  the  low 
order  of  correlation  in  the  Negro  group,  the  severity  of 
injury  was  also  disregarded  in  subsequent  grouping  of 


data  for  caparisons  batmen  frostbite  and  control  groups. 

3.  Cause  or  Effect  Relationship 

Another  purpose  of  this  stud/  me  to  prove  or  disprove 
the  hypothesis  that  frostbite  develops  Bore  readily  in 
individuals  possessing  sore  potent  cold  heoagglutlnins. 

In  attempting  to  establish  proof  by  comparison  of  titers 
from  frostbite  patients  with  those  from  an  appropriate 
control  group,  an  as swr.pt ion  had  to  be  Bade  that  events 
leading  to  development  of  frostbite  itself  hsd  no  effect, 
direct  or  indirect,  on  the  cold  agglutinin  titers  of  the 
patients.  It  was  hoped  that  to  substantiate  this  as- 
sumption, fortuitous  selection  of  soldiers  would  have 
provided  a series  of  results  on  the  esao  individual  both 
before  and  after  frostbite.  No  such  coincidence  occurred. 
Therefore,  any  inference  to  be  drawn  on  this  question  had 
to  be  based  on  a study  of  titer  fluctuations  during  the 
first  weeks  following  frostbite. 

In  Table  9 is  a listing  of  patients  (Group  I)  and  their 
coded  titer  values  obtained  at  weekly  intervals  post-injury. 
Fran  visual  inspection  it  is  difficult  to  detect  a trend 
in  change  of  titers.  An  analysis  was  done  by  determining 
the  rank  order  correlation  between  the  initial  titers  of 
this  group  with  each  of  the  subsequent  weekly  set  of 
readings.  Li  the  calculations  only  matched  pairs  of  titer 
values  were  used,  i.e.,  if  in  the  fifth  week  only  nine 
patients  had  titers  performed  then  the  nine  corresponding 
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TABLE  9 


TABULATION  OP  WHECLT  OOLED  TITER  VALUES  FOR  19 
FROSTBITE  PATIENTS  UP  TO  6 WEENS  FOST-INJUK3T 


* 

f 

Coded 

Titer  Values  Following  In.lurv 

tv 

Group  I 

Week 

Week 

Week 

Week 

Week 

Patients 

- 

*4 
4. . 

? 

4 

5 

* 

\ 

1 

6 

5 

4 

5 

4 

1. 

2 

6 

6 

5 

5 

5 

r 

3 

3 

3 

3 

4 

4 

; 

4 

3 

4 

4 

3 

4 

: O 

5 
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4 

3 

5 

3 

6 

3 

6 

4 

7 

2 

7 

3 

3 

3 

3 

4 

8 

3 

4 

4 

4 

5 

1 . \ 

9 

7 

8 

7 

7 

\ 

10 

5 

4 

5 

6 

5 

« 

11 

3 

4 

3 

k 

4 

! 

12 

1 

3 

3 

— 

i i 

i 

13 

5 

4 

5 

6 

— 

14 

5 

5 

7 

7 

am 

! 

15 

6 

7 

8 

• 

MB 

16 

3 

3 

4 

5 

3 

i i 

17 

• 9 

8 

7 

• 

1 

18 

3 

3 

2 

4 

3 

19 
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L_ 
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values  for  the  first  week  were  used  for  the  correlations 
and  "t"  comparisons.  The  rho  values  were  converted  to 
•V*  values  and  the  used  in  the  comparison  of  titer 
aeans  using  the  **tn  tesi.  The  results  for  Group  I are 
shown  in  Table  10.  Included  in  the  table  are  slailar 
analyses  for  Groups  II,  III  and  IV  on  whan  titers  were 
first  obtained  during  the  second,  third  and  fourth  weelcs 
post-frostbite  respectively.  The  correlations  between 
Initial  and  subsequent  titers  were  in  all  cases  highly 
significant.  The  difference  in  the  mean  titers  were  in 
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STATISTICAL  COMPARISONS  OP  SERIAL  HEAR  TITERS  FOR  FROSTBITE 
PATIENTS  OBTAINED  FOR  6 CONSECUTIVE  WEEKS  POST-INJURT 


Group 

Week 

Post-in  lurv 

Kean 

Titer 

Week 

Post- Injur? 

Kean 

Titer 

df 

rho 

Correlation 

Comparison 

r 

P 

t 

P 

1 

4.3 

2 

4-5 

36 

0.896 

0.903 

<.01 

1.471 

>.10 

X 

1 

4.3 

3 

&#6 

36 

0.8J2 

0.845 

<.01 

1.387 

>.10 

1 

4.1 

4 

4.9 

28 

0.815 

0.829 

<.01 

3-438 

<•01 

1 

3*7 

5 

4.2 

22 

0.647 

0.662 

<.01 

1-353 

>.10 

II 

2 

4.5 

3 

4.7 

15 

0.855 

0.866 

<.01 

0.793 

>.40 

2 

4,5 

4 

4*7 

18 

O.87.9 

0.851 

<.01 

0.691 

>.50 

m 

3 

4«6 

4 

5*5 

32 

0.583 

0.601 

<.01 

2.516 

<.02 

.4.6 

5 

L.e 

32 

0.730 

0.744 

<.01 

o.,72 

>.50 

IV 

4 

4-5 

5 

4.5 

38 

0.705 

0.722 

<.01 

0.195 

>.80 

_ 

.AiL. 

6 

ft-233. 

0.749 

<.01 

1.116 

>.20 

a direction,  of  an  increase  over  the  initial  titers  in  every 
instance  except  the  comparison  between  fourth  and  sixth 
Keeks  in  Group  17*  The  differences  were  oaly  statistically 
significant  in  the  comparisons  between  the  first  and  fourth 
weeks  post-frostbite  in  Group  I and  between  the  third  and 
fourth  weeks  in  Group  III. 

An  analysis  of  the  relation  of  the  weeks  post-injury  to 
titer  values  was  then  carried  out.  The  weekly  titer  values 
for  the  15  patients  tested  four  consecutive  weeks  post- 
injury were  correlated  (Table  9)*  The  correlation 
(r  - 0.1(34)  was  not  significant. 

A*  Constancy  of  Titers 

Innumerable  reports  have  appe?  :J  in  the  literature 
attempting  to  relate  cold  agglutination  to  a host  of 
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diuuat<  Bo  criterion  has  been  established  on  the 
occurrence  and  constancy  of  cold  agglutinins  in  nomal 
humans.  It  nay  be  assumed  that  the  cold  hemagglutinins 
either  remain  basically  constant,  subject  to  minor 
fluctuations,  or  they  appear  and  disappear  rapidly  in 
relation  to  various  stimuli. 

In  * str’y  of  this  pro  bits  60  frostbite  patients  were 
•elected  regardless  of  race,  degree  of  injury  or  tine  of 
initial  titer  after  injury*  The  basis  of -selection  was 
the  requirement  of  at  least  six  serial  titer  values  at 
weekly  intervale*  The  first  six  titers  obtained  after 
injury  wero  used,  and  the  titers  numbered  and  grouped 
by  thn  sequence  «ne  through  six.  By  gross  inspection  no 
distinct  or  consistent  charges  could  be  detected  except 
for  ninor  iluctuatione  ccKS6>uurate  with  the  accuracy  of 
the  test,  Statistical  ecMoarirons  of  each  weekly  group 
against  the  others  are  shown  in  Table  11.  The  corre- 
lations varying  from  C*709  to  0.8%  were  all  highly 
significant*  In  only  two  instances  the  difference  in 
a enn  initial  titer  were  statistically  significant  (second 
vs  first  and  third  weeks).  The  data  indicated  that  no 
radical  changes  In  titers  occurred  in  this  group  of  60 
frostbite  patients  subjected  to  sinilar  living  conditions 
for  at  le*.st  6 ve«ka  post-injury. 

5*  Conditions  of  Exposure 

The  possible  relation  of  cold  hsasgglutination  for  cold 
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STATISTICAL  0CHPARI30HS  OF  00N3ECUTIVE  WEEKLT 
TITER  VALUES  OF  60  FEDS  TBITS  PATOTT3 


Ma  Ccnpind  Kean  I Correlation 

Tltorl  3.  D.  I r 1 P 


U.l}  \-  1.A8  0.7fV  <.01 

XT  z i~.~si  o.’ir?  <.oT 
A. A - l.S7]Xr  '~j<.0\ 
Xh  TD>,  0.7  -’»T<Iol 
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injury  nl^ht  bo  indicated  by  correlating  the  cold  b«s*g- 


glutinin  titer  values  for  frostbite  patients  with  certain 


etiologlc  factor*  such  asi  aintmua  temperature  during 
cold  exposure;  average  wind  chill  during  cold  exposure  end 
duration  of  the  cold  exposure.  Detailed  weather  records 


of  terperatur*),  wind  welocity,  etc.  were  ebt-*ir*d  fren 


weather  etations  located  across  the  front  lines  in  Korea. 


The  pertinent  meteorological  data  were  entered  on  each 
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patient's  record.  The  minima  temperature  was  the  lowest 
value  raeordad  during  tha  exposure  pariod  for  tha  locale 
than  tha  patlant  Incurred  frostbite.  Tha  windchill  (10) 
values  glvs  a Measure  of  tha  relative  cooling  effect  of 
various  combinations  of  temperature  and  Mind  velocity. 

Tha  average  windchill  vas  calculated  for  tha  pariod  and 
vicinity  of  exposure  for  each  patient*  The  duration  of 
exposure  was  tha  length  of  tine  that  tha  patient  Mas 
exposed  to  cold  and  incurred  a frostbite  la>uy. 

The  clave  intervals  for  the  above  factors  are  shown  In 
fhble  12  along  with  the  respective  correlations  for  White 
end  Negro  frostbite  patients  irrespective  of  degree  of 
Injury.  The  correlations  were  of  sere  order  end  conse- 
quently of  no  value  ae  predictors.  One  of  the  wind  chill 
class  intervals  (ices  than  700)  was  too  aabiguous  to  bo 
included  in  the  *r*  calculation.  Since  a substantial 
proportion  of  the  subjects  was  included  in  this  interval, 
the  distribution  of  titers  of  those  petionts  exposed-  to 
an  overage  wlndchlll  of  lees  than  700  tos  cenpared  with 
the  distribution  of  those  exposed  to  an  average  wind- 
chill  greater  than  700.  There  was  no  significant  differ- 
ence between  these  two  distributions  (Table  13).  Similar 
correlations  were  performed  between  the  titer  values  for 
patients  with  the  greatest  cold  injury  (third  degree  frost- 
bite) according  to  minima  temperature  and  duration  of 
the  cold  exposure.  These  correlations  were  also  of  zero 
order  and  consequently  of  no  value  as  predictors  (Tabls  14) 


TiBLI  12 

07  CORRELATIONS  BSTKSQf  COLD  EEX1GGLUTDHS  TITERS  701 1 
BSCSO  PQ03T3ID5  PITIEfES  AND  CKHTAII  EPCHjOGIC  FACTOB3 


Minlaua  Tanperatur* 

(D+.mn  Fafcrcnb-it) 


-11  to-  5 
- 4 to  2 
3 to  9 
10  to  16 
17  to  23 
to  37 


700  to  £24 
825  to  949 
950  to  1074 
1075  to  1199 
1200  to  1324 


0 to  4 

4.1  to  8 

8.1  to  12 
124.  to  16 

16.1  to  24 

24.1  to  48 


0.023 


81  1 0.027 


YtM  I 


119 1 0.120 


TABLE  13 

DT5T.TDcmo-j  o?  nrrs  roi  ns 


xxposio  -io  no  zszsxl  aTJcortila  of  lira  crax 


FATECTES 


1.308 

>.99 

8.023 

>.30 

In  these  er.tlysea  so  relatiosuhip  could  be  found  between 
the  patients*  cold  hcrtc’lutinia  titers  and  certain  c expo- 
nent* of  cold  thich  were  partially  responsible  for  frost- 
bite in  each  Instance.  This  doee  not  disprove  that 
preoeness  to  frostbite  it  a fraction  of  the  cold  hcea«- 
(lutinin  concentration,  but  nerely  points  out  that  cold 


TABLE  H 

CORRELATIONS  BETVEKN  THE  GOLD  HEKAGGLUTININ  TITERS  IDS.  76  TKD» 
DEGREE  FROSTBITE  PATIENTS  AND  CERTAIN  NEITHER  FACTORS 


Kln1»»  Taptniurt  I Duration  of 


Kbits  1 33  0.136 


331  0420 


. \i  i 

a! 

>j  * 

si 

i 

• : i 


is  probably  not  sa  important  factor  la 
frostbit#  susceptibility. 

C.  lbs  Control  Groups 
1*  K sad  R Controls 

An  tiilyiis  wi  sad#  to  dstsndao  tbs  variability  of 
sold  bweagglutinaticn  for  tho  diffsront  aourcoe  trc* 
which  tbs  S sad  I control  population  woo  derived,  aaualyt 
Eighth  Any  support  troops,  divisional  support  troops, 
regbrantal  support  troops  sad  infantry  battalion  troops. 
Additional  analysss  vs  re  porforsod  in  which  caapwrloons 
bstvcsn  Eighth  Any  support  troops  and  infantry  division 
troops  as  wall  as  lnter-divlslonal  eeeparisons  were  aado. 

In  tbs  first  analysis  (Table  15)  there  were  significant 
differences  between  seen  titers  ef  Kbits  individuals  for 


tbs  different  cccbat  echelons. 


was  a progressive 


increase  in  the  row  titers  fret  tbs  Eighth  Angr  support 
through  tho  various  ech alone  to  the  Infantry  battalion 
troops.  A s idler  trend  was  suggested  in  tbs  Negro  group, 
although  the  difference  between  the  means  was  wt  eignifl- 
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It  m concluded  that  the  1*432  White  control  sera 
obtained  from  soldiers  stationed  In  Korea  did'  not  repre- 
sent a sample  fro*  a homogeneous  group*  the  evidence 
suggested  that  either  alngle  or  multiple  unknown  factors 
tended  to  modify  the  titers  and  that  these  factors  possi- 
bly were  related  to  the  combat  echelon  of  the  soldiers* 

2*  Camp  Drake  Controls 

Further  evidence  of  a climatic  influence  on  cold  hemag- 
glutinin titers  was  suggested  by  results  obtained  frost 
soldiers  arriving  In  Japan  frcri  the  United  States  and 
Hawaii*  Presumably  these  soldiers  had  been  subjected  to 
milder  weather  conditions  than  the  soldiers  stationed  in 
Korea.  Ho  details  were  obtained  concerning  the  medical 
history  of  these  troops.  The  soldiers  from  Hawaii  had 
been  there  a minimum  of  6 months  prior  to  arrival  in 
Japan.  The  mean  titer  values  for  the  White  and  Negro 
groups  direct  from  the  United  States  wore  significantly 
higher  than  those  of  R and  It  controls  (Table  IB)*  The 
White  soldiers  from  Hawaii  had  a higher  mean  titer  than 
any  of  the  other  White  groups.  The  Mongolian  group  from 
Hawaii  had  a higher  mean  initial  titer  than  did  the  ft  and 
R Mongolian  group,  but  the  difference  was  not  statistically 
significant.  A trend  of  higher  titer  values  among  troops 
from  warmer  climates  was  consistent  in  all  racial  groups. 

D.  Climatic  Region  of  Native  State 

The. preceding  analyses  suggested  a variation  in  titers  with 
respect  to  the  race  and  climatic  environment  of  the  subjects. 


999 


TABU  10 
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RACIAL  COMPARISONS  EgTVUM  COLO  HBUGCUfflRII  TITOS 
or  R AND  R AND  CAM?  DRAKE  CONTROL  CROUPS 


Control  Grow 


Ca^p  Drake 


IBBISi 


It  Bight  bo  inferred  that  adaptation  to  ellaattc  environ- 
ment ovar  a long  period  of  time  resulted  in  theH  cold 
hemagglutinin  difference!*.  Evidence  of  a more  Immediate  bat 
permanent  climatic  influence  on  titera  was  sough  - by  studying 
the  incidence  of  cold  heu^glatlnln  titera  of  United  States 
Writes  and  Negroes  according  to  th  "llmatic  region  in  which 
they  had  lived  xoat  of  their  livea*  Information  waa  obtained 
from  each  frostbite  patient  as  to  the  state  in  which  he  spent 
the  major  part  of  his  life*  The  states  ware  grouped  according 
to  Crr’s  and  Fainer’s  method  (11)  Into  tour  general  climatic 
regions  on  the  basis  of  the  average  olnlmua  temperatures  for 
January,  ?.s  shown  below: 

Region  I,  less  than  1CP  T. 

Region  \Lt  10.1°  to  20°  P. 

Region  III,  20.1°  to  35°  F. 

Region  IV,  over  35°  P* 
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Because  of  incaplete  data  tbs  eualyses  win  Halted  to 
eooparleona  of  117  White  patients  representing  Regions  II, 
m and  I?,  and  109  Negro  patients  fra  Beglons  HI  and  If 
(Table  19) • There  were  no  eases  fra  Region  Z.  The  differ- 
ences in  titer  values  for  the  patients  fra*  the  different 
regions  were  small  and  statistically  not  significant.  There 
was  no  er* denes  that  the  climatic  regions  In  the  United  States 
fra  which  the  patients  originated  had  a lasting  effect  a 
cold  heagglutlnin  titers. 

K.  frequency  Distribution  Curves 

from  the  titer  values  and  standard  deviations  theoretical 
normal  frequency  curves  wet’s  determined  (ma. clean  ordinate 
method)  for  the  different  groups  of  subjects.  The  observed 
frequencies  were  then  compared  with  theoretical  frequencies 
ty  chi  square  to  de terrain!  the  fit  of  «t*.h  distribution  with 
lte  theoretical  normal  distribution  (Tabic  20).  The  descrip- 
tion of  the  fit  was  based  o.r  the  “P*  according  to  the  inter- 
pretation eit--eeted  by  Culler  (12). 

TABLE  19 

Ca&ABXSfff  OP  ICVN  TITUS  FCP.  FF.0ST3IT2  PAXTSrtS 
ACCCHDil.'G  TO  CLE'ATIC  RallOM  0?  IIATTVZ  STATE 


Pace 

CHaatie  Pegion 
Ccr-~.rd.-c  a 

Jfo._ 
~ f? 

Ul 

*,-*•  e 

is* 

n 

S.  D. 

t 

P 

• 

4> 

-d 

II  vs 

! 

b.* 

J’J-SJL 

LPi 

4 9 

4.2 

1 \.':0 

ro.2?i 

>.80 

^IV 

10 

4.1 

)Z  1.S2 

0,0,9 

>•50  _ 

s 

III  vs 

4.2 

* l.*>0 

0.386 

>.70 

r iv 

rto 

4.3 

••  1 e r.4 

s 

III  vs 

_J4 

4.7 

♦.  1.41 

0.418 

>.60 

IV 

55 

4.8 

Z Of5 

It512  or  Ov*r 
9 or  Ovor 


o 


the  distributions  of  the  R and  R control  group  as  a whole, 
the  Eighth  kray  support  and  the  division  support  from  the  S and 
R control  groups  were  shown  not  to  be  normally  distributed 
(Table  21).  The  fit  of  the  White  Camp  Drake  controls  from  the 
United  States  was  also  poor.  It  was  in  these  groups  that  one 
might  expect  the  greatest  heterogeneity  from  the  standpoint  of 
theoretical  climatic  influence  on  titers.  Titers  of  those 
groups  in  which  the  greatest  homogeneity  was  anticipated,  such 
as  the  frostbite  casualties  from  infantry  battalions  and  the 
control  group  from  Hawaii,  were  normally  distributed. 

TABLE  a 

CHI  SQUARE  OF  THE  GOODHESS  OF  FIT  FOR  COLD  HEMAGGLUTININ  TITER 
DISTRIBUTIONS  TO  THE  THEORETICAL  NORMAL  ON  THE  POPULATIONS  STUDIED 


r 

Comparison  to  Theoretii 

:al  Normal  Distribution 

1 Race 

Groups 

Chi  Square 

df 

P 

— 

R and  R Controls 

37.724 

7 

<.001 

Fit  j 

Unacceptable 

« r-* 

8th  Am v 

23.654 

7 

<.01 

Unacceptable 

•o  u 

Division 

25.239 

6 

<.coi 

Unacceptable 

Q 

5 c 

Regiment 

8.666 

7 

_>.25 

Good 

« 8 

Battalion 

13.194 

8 

>.10 

Medium 

•S 

CL  «*3 

United  States 

13.613 

7 

>.05 

Poor 

IiA 

Hawaii 

8.593 

8 

>.30 

Good 

Fros 

tbite  Patients 

2.169 

7 

>.90 

Superlative 

Frostbite  Patients 
(Inf*  En.) 

0.816 

7 

>.99 

Superlative 

P.  and  R Controls 

4.913 

7 

>.50 

Excellent 

o 

R and  R (Regiment) 

6.104 

8 

>.50 

Excellent 

to 

Ca.i!P 

Drake  (United  States) 

4.946 

9 

>.80 

Superlative 

o 

2 

Frostbite  Patients 

7.804 

7 

>.30 

Good 

Frostbite  Patients 
(Inf.  En.) 

4.146 

7 

>.70 

Superlative 

Mongolian  (Hawaii) 

7.43 8 ' 

10 

>.50 

Excellent 

Hawaiian 

1.240 

8 

>.99 

Superlative 

1003 


s’V 


R 


* . V* 


F.  frostbit#  Croup  r«  Control  Croup# 

Since  no  consistent  difference  In  titara  could  bo  rolatod 
to  alto  or  severity  of  injury,  th#  initial  titara  of  froat- 
bita  patianta  were  grouped  except  for  a distinction  batman 

a 

the  races.  Because  the  sampling  frca  raoaa  other  than  White 
and  United  State#  Negro  was  totally  inadequate  for  analysis, 
the  other  racial  groups  ware  not  analysed* 

the  initial  nan  titer  comparisons  are  presented  in  Tables 
22,  2J  and  24  between  frostbite  patients  and  different  control 
groups,  the  Caspar i son  between  It  and  H controls  and  frost- 
bit# patients  (Table  22)  shows  a significant  difference  In 
the  mean  titer  values  at  all  agglutination  _evels  except  4 > 

In  the  White  groups.  It  has  been  shown  that  there  wan  Lack 
of  homogeneity  in  the  R and  R control  grcup  which  appeared 
to  be  minted  in  earn  way  to  the  combat  echelon.  A najority 
of  the  frostbite  victims  (White  79. 4£,  negro  77.50!?)  cane 
trcn  infantry  battalions  whereas  a minority  of  the  control 
group  (White  19* 2?,  Negro  4.73?)  originated  frcn  this  echelon. 
Since  titer  values  were  highest  in  infantry  battalion  controls, 
it  was  apparent  that  biased  sampling  could  have  contributed 
greatly  to  the  significant  titer  differences  between  tho  frost- 
bite and  control  groups. 

In  the  second  analysis  (Table  23)  only  infantry  battalion 
soldiers  of  the  frostbite  group  wore  compared  with  control 
subjects  of  the  corresponding  unit.  In  the  Negro  control 
group,  h . sver,  there  was  an  inadequate  nirnter  of  infantry 
battalion  soldiers  so  that  the  regimental  support  subjects 
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TABLE  22 

COMPARISONS  BETWEEN  FROSTBITE  AND  B AND  R CONTROL  SUBJECTS 
ACCORDING  TO  DECREE  OF  AGGLUTINATION  AND  CORRESPONDING  KEAN  TITER 


Kean 

Degree  of 

Initial 

Standard 

Agglutination 

Group 

No. 

Titer 

Deviation 

t 

P 

1* 

Frostbite 

126 

4.3 

1 1.42 

6.920 

<.001 

Control 

1432 

3.4 

♦ 1.55 

2* 

Frostbite 

~uT 

2.7 

*1.45 

4.517 

<.001 

Control 

1432 

2.1 

♦ 1.50 

3* 

Frostbite 

12^ 

1.5 

♦ 1.37 

3.512 

<.001 

Control 

1432 

1.0 

♦ 1.25 

k* 

Frostbite 

126 

0.5 

♦0.97 

1.542 

>.10 

Control 

1422. 

0.4 

* 0.77 

1* 

Frostbite 

120 

4.7 

*1.42 

6.064 

<.001 

Control 

172 

3.6 

♦ 1.66 

2* 

Fro.'tbita 

120 

3.2 

1 1.39 

5.498 

<.001 

Control 

1?2_ 

2.2 

. .1 1.5S__ 

3* 

Frostbite 

120 

1.8 

11.33 

4.312 

<.001 

Control 

172 

1.1 

1 1.31 

4* 

Frostbite 

120 

0.7 

*0.99 

2.679 

<.01 

Control 

172 

0.4 

* 0.79 

TABLE  23 

COMPARISON  BETWEEN  FROSTBITE  PATENTS  OF  BATTALION  LEVEL  AND 
B AND  B OOXTLOLS  (WHITE  CONTROLS  FriCM  BATTALIONS.  NEGRO 
CONTROLS  FRCt!  RSCIKLGTAL  LEVEL) 


face 

Degree  of 

‘.print  in-ttlcn 

!♦ 

Group 

Frostbit? 

Control 

To. 

Too" 

275 

Initial 

Titer 

4.3 

3.6 

Standard 

Deviation 

* 1.39 

♦ 1.70 

t 

2.787 

? 

<.01 

2* 

Frostbite 

Control 

ICO 

275 

2.7 

2.5 

* 1.43 
1 1.66 

0.724 

>.40 

3 

3* 

Frostbite 

Control 

100' 

?75 

1.5 

1.4 

* 1.31 

* 1.45 

0.329 

>.70 

4* 

Frostbite 
Control  _ 

ICO 

275 

0.5 

0.6 

* 0.8S 

1.099 

>.20 

1* 

Frostbite 

Control 

93 

42 

4.7 

4.0 

i 1.47 
t 1.79. 

2.391 

<.02 

o 

u 

2+ 

Frostbite 

Control 

93 

42 

3-2 

2.7  _ 

1 1.43 
i 1.74_  _ 

1.681 

>.05 

*50 

• 

as 

3* 

Frostbite 

Control 

93 

42 

1.8 

1.5 

I 1.34 
1 1.40 

1.461 

>.10 

4* 

Frostbite 

Control 

93 

42 

0.7 

0.6 

2 1.02 
± 1.02 

0.467 

>.60 

t ' \ 1 

r -t’.  ...  . 


were  Included  for  the  caparison  with  Negro  hetteliea  froet- 
bite  casualties*  The  titers  of  the  frosthite  groups,  bath 
White  and  Negro,  were  significantly  higher  than  the  ccatrcl 
groups  only  at  the  1*  agglutination  level* 

A ccnparisop  also  was  aade  between  the  frostbite  g reap  and 
the  Camp  Drake  control  group  (Table  24)*.  Ihe  White  frosthite 
patients  ! ad  significantly  higher  titers  at  tha  1*  agglutina- 
tion level  but  not  at  the  2+,  3*  or  h*  levels*  Ths  Negro 
frostbite  group  had  lower  titers  at  all  agglutination  levels 
with  the  difference  bucodng  significant  at  the  k*  level* 
Throughout  th-j  analyses  a low  incidence  of  negative,  1:2 
and  1:4  titers  was  r.oted  in  the  frostbite  grsup  as  compared 
to  the  control  group.: . Dm  distribution  of  1*  titers  af  the 
two  groups  might  he  described  generally  as  having  the  asea 
upper  Unit  (1:256)  but  with  lower  Unite  differing.  Ihe  - 
kurtosis  (measure  of  flatness)  of  the  frostbite  curves  was 
greater  and  the  distribution  did  not  contain  as  nangr  lew 
titers  in  the  frostbite  group  as  did  the  control  group.  This 
difference  in  distributions  vers  also  reflected  in  the  standard 
deviations,  which  were  uraaller  (l. 3-1.4)  for  the  frostbite 
groups,  than  (1.6-1.7)  for  the  control  groups. 

To  pursue  further  tha  apparent  importance  of  a difference 
in  weak  titers,  an  analysis  was  made  of  the  first  tube  agglu- 
tinations. Physiologically,  Interest  should  actually  canter 
on  the  agglutinating  capacity  of  sera  in  the  undiluted  state 
since  dilution  would  most  likely  not  be  a factor  in  intra- 
vascular agglutination*  Comparisons  were  made  of  distribution 
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of  0,  !♦,  2®,  3®  and  4*  first  tub®  agglutinations  of  frost- 
bit® and  control  groups  by  chi  square  (1®  and  2*  agglutina- 
tions classified  as  weak  and  3*  and  4®  agglutinations  as 
strong).  In  every  instance  the  distributions  differed  signi- 
ficantly except  for  the  cenparlson  of  White  infantry  battalion 
soldiers  (Table  25).  those  points  which  contributed  to  the 
significant  chi  square  values  were  also  determined.  In  four 
of  the  six  comparisons  there  were  significant  differences  in 
the  incidence  of  1®  first  tube  agglutinations  ae  the  result  of 
being  significantly  low  in  the  frostbite  group  and/or  signi- 
ficantly high  in  control  group. 

froi  these  analyses  it  would  appear  that  weak  agglutinations 
were  leas  frequent  among  frostbite  casualties  than  would  have 
been  anticipated  had  the  patients  and  controls  represented 
separate  sample  groups  trm  the  same  universe.  The  differences 
between  frostbite  ard  control  groups  were  not  great,  particularly 
when  consideration  vis  given  to  a possible  influence  of  environ- 
mental conditions  on  the  titers  of  any  one  group  studied.  If 
eno  conjectures  that  cold  hsaagglutinins  contribute  to  frost- 
bite susceptibility  the  statistical  evidence  just  presented 
indicated  that  soldiers  with  titers  1:4  or  less  were  perhaps 
more  resistant  to  the  effects  of  cold,  namely,  frostbite.  There 
was  no  consistent  evidence  that  titer  differences  beyond  the  1:4 
level  had  any  appreciable  bearing  on  frostbite  susceptibility. 
Thermal  teplitudes 

Thermal  amplitude  (3)  refers  to  the  thermal  range  in  which 
the  activity  of  an  antibody  nay  be  demonstrated.  In  a limited 
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study  of  thermal  amplitudes  of  cold  hemagglutinins,  sen 
R and  R. controls  with  titers  of  1:64  or  higher  were  selected 
as  those  most  likely  to  show  the  highest  thermal  amplitudes. 
After  16  hours  of  refrigeration  and  initial  readings  of  the 
tubes  in  the  0*  C.  walk-in  refrigerator,  the  titration  mix- 
ture.-' were  placed  immediately  in  another  walk-in  refrigentor 
(10*  C.)  for  a minimum  of  16  hours  and  the  titers  then  re- 
read. In  Group  t the  titrhtion  mixtures  after  being  re- 
frigerated and  read  at  0*  C.  were  rewarded  by  exposure  to 
rocsn  temperature  for  approximately  3 hours  in  order  to  reverse 
the  agglutinations  . These  mixtures,  rowarmed  and  resuspended 
by  agitation,  were  again  immediately  refrigerated  for  16  hours 
and  reread  at  10*  «J,  Ih  Group  II  the  titer  tubes  after  being 
refrigerated  ond  read  were  transferred  directly  from  0*  to 
10*  Q.  eliminating  th>  roaming  phase.  In  both  groups  the 
10*  titer  values  were  consistently  i*>«er  with  the  differences 
being  statist ically  significant  at  all  agglutination  levels 
(Tables  26,  27).  The  correlation  between  the  0*  and  10*  titer 
was  not  significant  at  the  1*  agglutination  level.  Greater 
decrease  in  the  10*  titer  values  was  apparent  when  rewarming 
wp.3  permitted  between  the  0*  and  10*  refrigeration  periods. 
Analyses  in  Table  28  show  comparisons  between  the  initial 
titer  /alue  for  Groups  I and  II  prior  to  transfer.  The  dif- 
ferences in  the  means  did  not  exceed  0.4  tubes  in  the  0*  C. 
testa  with  the  only  significant  difference  being  at  the  1* 
agglutination  1 vel.  The  difference  between  the  two  groups 
was  greater  in  the  10*  C.  tests  and  highly  significant  at 
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OttJPAHISONS  BETWEEN  COLD  HUUGGLUTDdS 
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COMPARISONS  BETWEEN  COLD  ffiHAGGLUTIIilH  TITERS  READ  AT 
0°  AND  10°  C.  ACCORDING  TO  DEGREE  OF  AGGLUTINATION 
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aU  agglutination  lamia. 


Thaae  studies  Indicated  that  the  fomad  at 

CP  C.  vara  aora  stable  dm  the  titratloa  mixtures  vara  trans- 
ferred directly  to  a ID*  C.  anvirconant  without  rew&ndng  even 
though  tho  subsequent  readings  vara  significantly  lower.  The 
agglutinations  afaieb  developed  at  lfiP  C.  following  rewaradng, 
however,  wero  weaker  area  though  ears  with  a good  heaagglutl- 
nating  potential  (1:64)  bad  been  selected  for  the  test.  9m 
relative  weakneae  of  agglutination  in  the  latter  instance  is 
better  illustrated  by  analyses  of  tho  strengths  of  first  tube 
agglutination-*  (table  29).  the  distributions  of  first  tube 
readings  At  0°  C.  of  the  two  groups  sere  closely  sLailar* 
Ughly  significant  differences  ware  evident  in  conperlson  to 
10°  C.  readings  in  that  such  weaker  first  tube  agglutinations 
wore  present  in  the  Croup  1 sera. 

TABLE  2? 

COMPARISONS  BETVEEH  COU)  KStUXSUmNIB  TITER  BEAD  AT  0° 

AMD  10°  C.  Til  ACCORDANCE  WITU  FIRST  TUBE  AGOjOTIHATIOH 


IJ°  C. 


IV.  DISCUSSION 

The  incidence  of  cold  h-rugglutinaticn  found  in  this  investi- 
gation pointed  to  the  desirability  of  seeking  criteria  for  dis- 
tinguishing, if  possible,  between  cold  haugglutinJa  Wrich  occurs  as 
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a natural  phenasenon  and  that  which  results  fro*  pathological  alter- 
ation. Rosenthal  and  Corten  (3)  attempted  such  a differentiation  and 
suggested  that  pathologic  cold  hemagglutinin  represents  something  beyond 
a mere  increase  in  amount  of  normal  cold  hemagglutinin.  Stats  and 
Vasserman  (3)  in  reviewing  this  question,  however,  concluded  that  "except 
for  a general  tendency  to  higher  titers  and  broader  thermal  amplitudes 
of  the  cold  hemagglutinin  in  pathologic  sera,  there  is  no  demonstrable 
difference  between  such  cold  agglutinins  and  those  in  normal  sera". 

Race  is  pefhap-)  the  most  uiatineb  characteristic  influencing  cold 
hemagglutination  titer  expectation  in  any  individual*  the  conclusion 
that  cold  hemagglutinin  titers  were  higher  in  Negro  than  in  White  indi- 
viduals was  indicated  by  Weiner  (l).  Fetterman,  Koran  and  Hess  (13) 
had  previously  found  unexpectedly  high  cold  hemagglutinin  levels  among 
native  Melanesians  of  a South  Pacific  isl-nd.  They  suggested  that  this 
finding  might  have  been  due  either  to  sane  disease  endemic  in  the  area 
or  to  a racial  characteristic. 

, The  suggestion  of  Stats  and  Wa3serman  (3)  seems  reasonable  that 
the  pre vince  of  cold  hemagglutinins,  pathologic  with  respect  to  their 
cause,  would  best  be  Judged  by  demonstration  of  radical  change  in  titer 
from  that  usually  observed  in  the  individual.  Such  a criterion  would 
assume  that  cold  hemagglutinin  titers  normally  remain  fairly  constant 
in  each  irdividual.  No  reports  could  be  found  in  the  literature  re- 
garding the  constancy  of  titers.  Ihe  statements  reported  here  regarding 
this  question  aro  in  agreement  with  the  experience  throughout  th-»  imresti- 
gation  that  titers  remained  remarkably  constant. 

Kreyberg  (14)  refers  to  can  as  the  "tropical  animal"  because  of 
his  preference  for  warm  environment  ard  his  difficulty  in  adapting  to 
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cold.  In  coopering  nan**  vascular'  reaction  to  prolonged  cooling  with, 
the  reactions  of  certain  other  anlaal  types  he  states*  *Bw  cold- 
blooded frog,  adapted  to  stand  low  temperatures  as  a part  of  its  nomal 
life  will  show  snail  changes  and  alight  reactions*  Man  . . * * * will 
show  violent  reactions  to  exposure  to  cold,  and  the  rabbit,  fbr-coated 
and  seed  to  cold  and  wet  grounds,  shows  a reaction  of  late  mediate 
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It  nay  be  no  re  than  coincidental  that  there  la  an  analogous 
relationship  between  cold  hemagglutination  tendencies  of  frogs  (which 
apparently  have  not  been  studied),  rabbits  which  have  cold  hemag- 
glutinins In  at  least  seen  instance's  (3)  and  nan  who  has  a comparatively 
strong  cold  hmagglutiRAtlng  tendency.  The  no  mil  occurrence  of  cold 
hemagglutinins  would  bo  incanpafclbln  with  the  existence  of  the  Trog  as 
a "cold-blooded"  animal,  whereas  it  la  compatible  with  «an*s  being 
"warm-blooded".  Therefore,  in  an  Investigation  of  the  relationship 
between  frostbite  and  cold  henagglutinaticn  In  healthy  Individuals, 
Interest  centers  on  the  possibility  that  normally  occurring  cold  hemag- 
glutinins, usually  compatible  with  good  health  In  the  Individual  'lght 
assure  pathological  importance  when  the  individual**  envlroment  is 
changed  to  one  of  extreme  cold. 

the  effect  of  environment  on  cold  hemagglutination  ms  in  part 
answered  by  the  comparison  of  mean  titers  of  subjects  between  canbat 
echelons  and  infantry  divisions  and  duration  of  time  the  iniividuals 
had  been  stationed  in  Korea.  'Ibis  analogy  ms  suggested  by  the  fact 
that  the  40th  and  45th  Divisions  were  the  newest  to  the  Korean  theater 
(having  arrived  in  December  and  January),  while  the  Eighth  Army  troops 
had  been  in  Korea  the  longest  (since  they  were  rotated  the  slowest). 
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If  there  was  a relationship  between  cold  hemagglutination  titers  and 
duration  of  duty  in  Korea,  such  a relationship  would  have  been  inverse, 
that  is,  the  longer  the  stay  in  Korea,  the  lower  the  titer,  this  was 
found  to  be  true  (Tables  15,  16,  17)» 

A theory  may  be  proposed  that  repeated  exposures  to  cold  weather 
might  over  a period  of  time  have  caused  absorption  and  destruction  of 
cold  hemagglutinin  and  resulted  in  a minor  reduction  of  titer  in  each 
individual  exposed.  If  similar  reductions  ware  to  occur  in  all  indi- 
viduals of  a group  the  difference  would  be cate  significant.  K alight 
rise  in  titer  then  would  be  expected  with  a return  of  warn  weather  or 
removal  of  the  individual  to  a warmer  environment.  In  this  way  climatic 
conditions  might  act  as  a factor  in  the  control  of  equilibriw  between 
production  and  destruction  of  cold  hemagglutinin. 

Two  ways  in  which  tissue  may  become  damaged  as  a result  of 
exposure  to  cold  are  recognized  (1A).  First,  there  is  probably  a direct 
injury  to  the  tissues  from  extreme  cold  sufficient  to  kill  the  colls. 
Secondly,  a vascular  reaction  (constriction)  may  cause  further  ar.d  fatal 
injury  to  cell3  in  instances  where  the  severity  of  cooling  per  se  was 
not  sufficient  to  cause  irreparable  damage.  A pathogenetic  effect  of 
cold  hemagglutinins  would  be  associated  with  the  vascular  reaction.  The 
issue  of  their  importance  in  any  case  of  cold  injury  would  clearly  be 
dependent  on  the  relationship  between  extent  of  local  cooling  and  thermal 
amplitudes  of  the  Individual’s  cold  hemagglutinins. 

One  of  the  characteristics  regarding  cold  hemagglutination  among 
apparently  healthy  individuals  reported  by  seme  authors  is  that  of  wide 
thermal  amplitude  extending  to  room  temperature  (3).  Of  over  11,000 
blood  samples  tested  during  this  investigation,  however,  no  sera  were 
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••countered  which  were  capable  either  of  autoagglutination  or  of 
agglutinating  Croup  0 erythrocytes  «t  ream  temperature,  oven  though 
titers  at  0°  C.  ranged  as  high  as  1:2048  and  one  titer  was  1:83192* 

Ibe  majority  of  these  sera  were  obtained  frca  healthy  troops  and  the 
only  disease  with  appreciable  incidence  was  frostbite* 

Stats  and  Vasserman  (3)  cited  the  following  conflicting  slews  of 
different  authors  regarding  thermal  amplitudes  of  cold  hemagglutinins 
in  humans.: 

1)  Kino  and  Xettel  believed  that  thermal  amplitudes  are 
related  and  approximately  proportional  to  titers* 

2)  Hirazfeld  stated  that  thermal  amplitude  la  not  only  « 
question  of  the  titer  but  of  the  affinity  of  the  normal 
antibodies* 

3)  Thompson  agreed  with  Hirazfeld  in  the  belief  that  thermal 
amplitude  Is  a constitution  . characteristic  and  by 
itself  of  no  pathological  significance. 

In  the  studies  of  thermal  amplitudes  in  the  present  report  it 
was  found  that  even  the  more  potent  "normal"  cold  hemagglutinins  had  a 
relatively  narrow  thermal  amplitude.  Sera  capable  of  agglutination  to 
a dilution  of  1:64  or  higher  at  0°  C.  agglutinated  only  weakly  when 
exposed  to  10°  C.  for  16  hours.  It  was  found,  however,  that  If  the 
temperature  of  titrations  with  strong  cold  agglutination  formed  at 
CP  C.  was  raised  to  10°  C.  a stronger  agglutination  persisted  than  that 
anticipated  if  the  agglutination  developed  at  10c  C.  This  finding  was 
in  keeping  with  the  results  obtained  by  Clough  and  Richter  (15)  from 
studies  of  a cold  hemagglutinin  with  high  thermal  amplitude,  in  which 
the  authors  showed  that  agglutination  persisted  at  a temperature  higher 
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than  was  necessary  for  its  initiation*  A practical  implication  of  this 
finding  is  that  if  frostbitten  parts  are  allowed  to  re  warm  too  gradually, 
circulatory  stasis  might  be  prolonged  by  persistence  of  intravascular 
cold  hemagglutination,  at  leaet  in  those  individuals  with  more  potent 
cold  hemagglutinins* 

lake  (l6)  studied  the  effect  of  low  temperature  on  tissue  cul- 
tures and  concluded  that  the  survival  time  cf  tissues  was  shorter  at  s 
temperature  in  which  anabolic  processes  were  reduced  to  a greater  degree 
than  catabolic  processes.  He  found  temperatures  of  approximately  15°  C. 
most  injurious,  lake  assxmed  that  at  higher  temperatures  the  anabolic 
and  catabolic  proces:  es  were  more  nearly  parallel  while  at  lower  temper- 
atures both  processes  were  brought  to  a standstill.  It  is  conceivable, 
therefore,  that  rewarding  frostbitten  ‘issues  sufficiently  to  create  a 
disparity  between  anabolic  and  catabolic  processes  but  not  enough  to 
reverse  cold  hemagglutination  and  re-establish  circulation  may  subject 
the  part  to  greater  damage  than  if  the  tissues  were  rewanned  rapidly  to 
normal  temperature. 

Cold  hemagglutination  may  play  a part  in  the  pathophysiology  of 
human  frostbite  because  it  seems  inevitable  that  intravascular  cold 
henagglutinatioa  occurs  in  most  cases  if  the  tissues  become  cold  enough 
for  a long  enough  period  of  time.  Further  studies  are  necessary  to 
elucidate  the  relationship  of  temperature  and  exposure  time  to  cold 
hemagglutination.  In  the  present  investigation  emphasis  was  placed  on 
the  importance  of  cold  agglutination  during  the  cold  exposure  period 
rather  than  the  /■/'■'arming  phase  of  frostbite.  Decause  of  the  apparent 
difference  between  cooling  and  re  warning  thresholds  of  cold  hemag- 
glutination it  may  be  triat  core  attention  should  be  given  to  the 
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relationship  of  rapidity  of  rewaralng  with  cold  hemagglutination  titer 
and  severity  of  injiay<  iccurato  measurement  of  rapidity  of  rewualng 
of  ease*  la  this  series  was  an  impossibility. 

The  analysis  suggested  the  possibility  that  individuals  4th  low 
titers  or  absence  of  cold  hosagglutinins  nay  have  had  resistance  to 
frostbite,  bet  there  was  no  demonstrable  relationship  between  titers 
found  In  frostbite  patients  and  degree  of  exposure  necessary  to  pro- 
duce lesions  or  to  the  severity  of  Injury  incurred* 

v.  oo»emsioiq 

1*  This  study  indicated  a high  incidence  of  cold  hemagglutinins 
in  noraal  soldiers.  The  main  factor  contributing  to  vJiis 
high  incidence  was  believed  to  be  careful  control  of  re- 
frigeration and  reading  temperature  during  conduct  of  the 


2*  There  was  a racial  difference  in.  cold  beaagglutinating 
tendencies.  The  United  States  Negroes  had  significantly 
higher  titers  than  Whites.  The  Mongolians  had  much  higher 
titers  than  either  Whites  or  Negroes. 

3*  Repeated  exposures  of  post-frostbite  patients  to  cold  had 
no  appreciable  effect  on  their  existing  cold  hemagglutinin 
titers. 

4.  Bo  relationship  was  demonstrated  between  the  cold  hemag- 
glutinin titers  and  the  anatomical  site  of  frostbite.  There 
was  no  evidence  of  alteration  of  cold  hemagglutination  by 
frostbite. 

5*  There  was  co  relationship  between  cold  hemagglutinin  titer 
values  of  frostbite  patients  and  minimum  temperature  during 


exposure,  average  wind chill  during  exposure  or  duration  of 
exposure.  Likewise,  the  differences  between  titer  values 
for  patients  with  a maximum  injury  of  third  degree  and 
minimum  temperature  during  exposure  or  duration  of  exposure 
were  not  significant.  . The  analyses  of  the  data  indicated 
that  cold  hemagglutination  was  probably  not  of  overwhelming 
importance  in  the  pathogcneeis  of  frostbite* 

6.  Analysis  indicated  that  climatic  environment  might  have  a 
significant  modifying  effect  on  cold  hemagglutinin  titers. 

A theory  was  proposed  that  when  an  individual  Is  exposed  to 
cold  weather  for  weeks  or  months  a reduction  in  titer  might 
occur  as  a result  of  an  increased  rate  of  destruction  of 
cold  agglutinin*  Data  relative  to  native  climatic  regions 
indicated  a lack  of  permanent  alteration  of  cold  agglutinins 
by  environment. 

7.  It  was  postulated  that  only  the  few  individuals  having  titers 
of  1:4  or  les3  might  have  a resistance  to  frostbite  as  sug- 
gested by  a trend  of  low  incidence  of  such  low  titers  among 
cold  injured  subjects. 

8.  Studies  indicated  that  potent  "nomal*1  cold  hemagglutinins 
had  narrow  thermal  amplitudes.  The  rewaraing  themal  ampli- 
tudes were,  however,  higher  than  the  cooling  amplitudes.  This 
disparity  in  cold  hemagglutination  was  discussed  with  respect 
to  the  rewaraing  phase  of  frostbite,  i.e.  the  advisability  of 
rapid  rewaraing. 

9*  In  this  study  the  degree  of  cold  heaagglutination  had  no 

practical  value  in  classification  or  prognosis  of  frostbite. 
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It  u d«ibtfta  If  cold  hemagglutinin  teat,  could  U used 
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THE  SIGNIFICANCE  OP  SICKLING  TBUT 
IN  NEGRO  FROSTBITE  CASUALTIES 


1#  INTRODUCTION 

Sickling,  an  inherited  abnormality  of  erythrocytes  peculiar 
to  individuals  of  Negro  ancestry  has  an  estimated  incidence  of  9.0£ 
among  Negroes  in  the  United  States  (l).  Sickle  cell  amends  is  a 
well  recognised  disease  entity  dependent  on  a severs  degree  of  eryth- 


rocyte sickling. 


i , a characteristic  in  which  the 


Individuals  erythrocytes  have  by  contrast  s awek  weaker  aicklir* 
tendency,  is  of  debatable  clinical  iiqportanee  (1,2).  It  la  pro- 
bable, however,  that  the  trait  Is'  usually  compatible  with  good  health 
and  long  life  (1,2). 

The  earlier  concepts  of  the  relationship  between  sickle  cell 
anemia  and  sickle  cell  trait  assumed  a merging  of  the  two  conditions. 
Such  gradations  of  severity  would  make  difficult  a differentiation 
between  entities  manifested  by  an  intermediate  sickling  tendency  (2). 

e 

Subsequent  investigations  (Table  1)  concerning  the  nature  of  inherit- 
ance (3 ,4,5,6 )»  the  hemoglobin  abnormality  characterizing  the  sickle 
cell  (7,8,9)  and  the  threshold  for  sickling  as  dependent  on  the 
extent  of  hemoglobin  reduction  (10,11,12)  here  indicated  there  is 
ordinarily  a sharp  difference  between  the  degree  of  erythrocyte 
abnormality  In  sickle  cell  anemia  and  sickle  cell  trait.  TM»  cor- 
responds with  the  usual  clinical  experience  that  the  two  conditions 
are  readily  differentiated.  Evidence  that  there  might  be  occasional 
Negroes  with  intermediate  sickling  tendency  has  been  presented,  how- 
ever, by  Welle  and  Itano  (?)  who  found  electrophoretic  pattern* 
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indicating  hemoglobin  abnormality  of  intermediate  degree  iu  certain 
individuals  with  relatively  mild  sickle  cell  anemia. 

TABU  i 


REVIEW  OF  DIFFERENCES  BETWEEN  SICKLE  CELL  EKTTHRDCITR 
IN  SICKLE  CELL  ANEMIA  AND  IN  SICKLE  CELL  TRAIT 


Factor 

Abnormality 

Sickle  Cell 
Anenia 

Sickle  Cell 
Trait 

Bibliography 

Inheritance 

Gene  for 
Sickling 

Homozygous 

Heterozygous 

<3)i45)- 

HemogLobin 

"Sickle  Cell 
Hemoglobin* 
Content  of 
Erythrocytes 

Over  90J 

24-  4535 

- a*»N 

sO 

S ' 

Sickling 

In  Vitro 

Lowered 
Oxygen 
Tension  Nec- 
essary for 
Sickling 

Above 

45m.  Hg. 

Below 
lfi=a.  Hg. 

(10),  (U) 

Threshold 

In  Vivo 

Proportion 
of  Erythro- 
cytes Sickled 
in  Venous 
Blood 

30  - 60S 

0-1* 

<ll) 

The  estimates  of  the  proportion  of  Negroes  with  positive 
sickling  reaction  having  sickle  cell  anenia  vary  widely  (l).  The 
ratios  of  1:40  suggested  by  Diggs,  Ahsan  and  Bibb  (13)  and  1:50 
found  by  Srydenstrlcker  (14)  agree  with  that  of  1:44  predicted  by 
Neel  (5,6)  on  the  basis  of  his  theory  of  inheritance  of  the  sickle 
cell. 


Despite  the  paucity  of  evidence  favoring  a pathologic  signifi- 
cance of  sickle  cell  trait,  the  studies  to  be  reported  here  were 


Uud  on  the  assuaptlon  that  intravascular  Bidding  sight  have  nans 
bearing  on  development  of  frostbit*  In  Negroes,  particularly  In  view 
of  a suspected  greater  frostbit*  susceptibility  of  Negroes  an  coo- 
pered to  Whites  (15).  The  investigation  was  directed  toward  deo- 
onstrabl*  influence  of  sickle  cell  trait  on  the  pathogenesis  of 
frostbite,  the  severity  of  lesions  incurred  and  on  the  healing  of 
third  degree  ulcers. 

An  incidental  analysis  was  concerned  with  the  relationship 
between  cold  hemagglutination  and  sickling  trait. 

II.  METHODS 

Of  26 ft  Negro  patients  treated  for  frostbite  at  Osaka  Any 
Hospital  during  tho  winter  1951-52,  179  were  evaluated  with  respect 
to  eickling.  Sickling  preparations  were  made  by  one  of  the  fol- 
lowing aothods: 

• l)  One  drop  of  venous  blood  was  sealed  bet-seen  a glass 
slide  a*i  e ooversllp  ringed  with  petrolatoi  or 
paraffin  (Snael  17). 

2)  A rubber  band  was  placed  and  allowed  to  renain  around 
the  prcxtr.al  portion  of  the  finger  for  5 almites  in 
order  to  produce  venous  stasis.  The  distal  end  of  tho 
finger  was  then  punctured  and  a drop  of  blood  was 
sealed  under  a coversllp  as  in  the  previous  wethod 
(Scrlver  end  Waugh  IS). 

The  preparations  (which  were  not  sterile)  were  kept  between 
25*  to  37*  C.  and  exaained  for  characteristic  sickle  cells  at  Inter- 
vals during  the  ensuing  72  hours  using  low  and  high  power  magnifi- 
cations. 


. , * * ' 
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The  patients'  clinical  records  provided  inforaation  e«  to 
the  past  clinical  history,  severity  of  injury  and  healing  time  of 
third  degree  frostbite  lesions*  The  laboratory  records  included 
blood  counts  and  cold  hemagglutination  tests*  The  cold  hemag- 
glutination tests  were  dona  by  a modified  method  described  in' 
Section  XIII  of  this  combined  report. 

III.  RESULTS 

Eighteen  of  the  179  Negroes  tested  had  positive  sickling 
tests,  an  incidence  of  10.  l£.  The  blood  counts  of  all  eighteen 
individuals  vlth  positive  tests  were  normal  and  none  had  a past 
clinical  history  or-  symptoms  suggestive  of  sickle  cell  anemia. 
Consequently,  they  were  regarded  as  having  sickle  cell  trait. 

The  incidence  of  10 .1$  was  compared  (Taule  2)  with  the  inci~ 
dence  of  sickling  in  Negroes  of  the  United  States  reported  by 
Margolies  (l),  who  combined  results  of  28  reported  series,  com- 
prising 22,170  Negroes  tested  ir>  various  parts  of  the  country,  to 
arrive  at  the  figure  9.0$.  A comparison  (Table  2)  was  also  made 
with  results  reported  by  Ellenhom  and  Veiner  (16)  from  66  frost- 
bitten soldiers  and  346  uninjured  troops  studied  during  winter 
maneuvers  at  Camp  Drum,  New  York  between  6 January  and  23  February 
1952.  The  statistical  analyses  showed  that  incidence  of  erythrocyte 
sickling  in  the  present  study  did  not  differ  significantly  from 
either  control  or  frostbite  groups  reported  by  the  above  authors* 

The  distribution  of  positive  and  negative  sickling  tests  of 
patients  with  each  of  the  four  degrees  of  injury  is  shown  in  Table  3* 
The  chi  square  test  of  these  distributions  (0*596,  P >.l)  indicated 


an  even  lncldeftca  of  sickle  call  trait 


patients  with  dif* 


farant  degrees  of  injury. 

TABU  2 


COMPARISON  BSTWZSf  SICKLING  BICISCJCE  AMONG  379  NBQ80 
FROSTBITE  PATIENTS  AND  SICKLING  SCIENCES  ADD 
NEGROES  IN  OTHER  REPRESENTATIVE  smnea 


Series 

Bibliorrraohy 

Tested 

Positive 

Comparison 

Negro  Frostbite 
Patients 
lores,  1951-52 

Wiser 

(Present 

Report) 

179 

IB 

HU. 

Kith  1951-52 
Korea  Frost- 
bite Series 

Chi 

Sonars 

P 

Negro  Population 
of  United  States 

(D* 

22,170 

1989 

9-0 

9.225  . 

>.5 

Negro  Frostbite 
Patients 
Canp  Droa,  1952 

(16) 

66 

9 

13*6 

9.630 

>.3 

Uninjured  Negroes 
Catip  Drua 
1951-52 

(10) 

3A& 

36 

KU 

9.015 

>.9 

* Conblned  Results  of  28  Reported  Series  by  Different  Authors. 


TABU  3 


ANALTSIS  0?  SICKLING  EICIETNCE  AMONG  179  KK5»  FROST  BITE 
PATIK.T3  ACCCROE.'G  TO  DEGREES  OP  MAXIMUM  BUtST 


Sickling 

Total 

Chi 

■ 

Test 

Cases 

hi 

2* 

m 

u* 

Square 

n 

ljjgff 

18 

m 

wm 

1 

2 

io. oi 

gj| 

m 

0.596 

>.70 

in 

ii  ! 

m 

m 

ii 

IO?fl  ...... 

. \\V >V v '.'v 

,.  VvV\<V‘  •'  .'-I.'  ^ ^ 

^ lyb&i^nnnin  r 


In  a comparison  between  the  healing  times  of  third  degree 


Ifisiwiis  of  Slags wSa  with  slcllfi  call  trGit  and  ttCvS  «dt!«  sc^stlvs 
sickling  tests,  data  were  available  for  51  Negro  patients  negative 
for  sickling  but  for  only  five  patients  with  sickle  cell  trait* 

The  average  time  of  healing  was  greater  in  the  positive  group 
(75  days.  S.l).  -34.2  days)  then  in  the  negative  group  (53  days, 

S.D.  —17*3  days)  tut  the  difference  was  not  statistically  signifi- 
cant in  this  limited  saapl-  (t  • 1.407,  P >.l). 

A comparison  r.l_-_  wa:j  made  of  the  cold  hemagglutinin  titers 
of  eight  patients  with  sickle  cell  trait  am*.  99  patients  with  nega- 
tive sickling  tests  (Table  4)-  The  coded  cold  hemagglutinin  titer  ' 
values  of  the  group  with  sickle  cell  trait  (5*1  --1.85)  wen*  somewhat 
higher  than  the  negative  group  (4.7  — l.JO)  but  again  the  difference 
was  not  statistically  significant  In  this  limited  study  group 
(t  - 0.658.  P >.50). 


TABLE  4 

COMPARISON  BETWE5H  COLS  HiKAGGUJTISIH  TITERS  OF  8 SICKLING 
POSITIVE  AES  99  SICKLING  NEGATIVE  FROSTBITE  FAULTS 


l'l  t in  in  T'.ter  and  Curled  Value 


Intmtt  la  the  pathogenetic  poeelbilities  of  the  sickle  cell 
trait  was  directed  to  three  phases  of  frostbite  inject  the  period 
preceding  onset  of  injury;  the  period  following  rows nning  daring 
which  definitive  lesions  were  established  and  the  period  of  healing. 

Any  deleterious  effect  of  sickling  trait  woild  be  hypothetically 
based  on  local  vascular  stasia  and  occlusion  analogous  to  that  re- 
sponsible for  wany  of  the  protean  ainifestatlomi  of  sickle  cell  anemia. 
9m  weakness  of  sickling  tendency  in  sickle  cell  trait*  however*  Is 
the  Halting  factor  of  the  trait  being  an  important  clinical  entity, 
oven  under  extras  cireunetancee  which  predispose  to  intravescalar 
sickling. 

Sheiasn  (11)  verified  the  findings  of  Hahn  end  Cilia spie  (10) 
that  sickling  #-  susceptible  cells  in  a sealed  preparation  is  ac- 
celerated not  only  by  an  increased  concentration  of  leukocytes  or 
by  bacterial  contamination  but  also  by  temperature  elevation.  Thee# 
studies  shoved,  furthermore,  that  at  temperatures  25*  C*  or  lower* 
eickling  does  not  occur  in  sterile  preparations  from  individuals  with 
sickle  cell  trait.  This  inhibiting  action  of  lowering  temperature 
nSy  outweigh  any  anoxsade  affect  from  vasoconstrictive  response  in 
an  exposed  liab  during  the  development  of  frostbite.  In  view  of 
these  facta  alone,  the  normal  incidence  of  sickling  trait  among  frost- 
bite patients,  a result  which  failed  to  indicate  an  Importance  of 
the  trait,  was  not  surprising.  It  appears  that  the  role  of  sickle 
cell  trait  in  the  pathogenesis  of  frostbite  was  not  an  important  one. 

If  Intravascular  sickling  were  a factor  during  the  phase  of 
injury  iasaodiatsly  following  rewarning,  sickling  positive  Negroes 


should  have  been  predisposed  to  development  of  the  more  sever#  in- 
juries. the  absence  of  bias  In  favor  of  acre  severe  lesions  taong 
the  18  patients  with  sickle  cell  trait  implied  a lack  of  importance 
of  sickling  in  frostbite  lesions  during  the  po a t-r* warning  phase  of 
Injury. 

The  selection  of  third  desree  injuries  for  an  analysis  re- 
garding healing  time  was  based  mainly  on  ths  occurrence  of  ulcers 
and  the  rather  definite  criteria  for  determining  healing  time 
(a  cosplats  re-epithelliation  of  ulcers),  the  healing  phase  of 
third  degrso  lesions  extends  veil  beyond  the  period  of  the  "vans 
dry  limb*  into  the  period  of  vasewotor  instability  associated  in 
aost  cases  with  a "cold  hyperhidrotic  limb",  a change  '*Srieh  usually 
starts  arprexirately  k weesk  after  in. jury-  Thus,  circulatory  dis- 
turbance in  individuals  with  sickle  cell  trait  might  conceivably 
bo  accompanied  by  sufficient  anoxc.ui.a  >m  predispose  the  involved 
tlssnes  to  intravascular  sickling  and  more  sever*  circulatory  stasis. 
Such  a chain  of  events  sight  be  reflected  in  demonstrable  impairment 
of  healing.  Ey  analyses  the  average  healing  tiae  of  third  degree 
lesions  was  slower  for  five  Negroes  with  sickle  cell  trait  than  for 
51  patients  with  negative  sickling  tests,  but  the  difference  wae 
not  statistically  significant.  Conclusions  Bust  be  reserved  in  this 
study  because  of  the  inadequacy  of  sampling  of  the  group  with  sickle 
cell  trait. 

McSveeney.  Hermann  and  Wagley  (17)  evade  comparative  studies  of 
the  incline®  of  cold  heeagglutlnins  in  30  patients  with  sickle  cell 
anemia  and  30  healthy  Negro  subjects.  The  titers  may  vave  been  higher 


in  the  former  group,  but  the  results  were  difficult  to  assess  because 
of  the  lack  of  detailed  information.  Schneider  and  Levin  (18)  search- 
ed for  auto-agglutinin  in  studies  of  sickling  positive  individuals 
using  saline  and  bovine  albmin  diluents  and  Coombs  antioerua.  These 
tests  were  done  at  38*  C.  Reactions  vers  consistently  strongly  posi- 
tive in  the  group  with  sickle  cell  anemia  and  only  weakly  positive 
in  some  of  the  individuals  with  sickle  cell  trait.  The  results  in- 
plied  the  presence  in  patients  with  sickle  cell  anemia  of  auto-  ■ 
agglutinin  (active  at  38*  C.)  which  was  present  also,  but  to  a much 
weaker  extent,  in  soae  individuals  with  sickle  cell  trait. 

The  present  investigation  regarding  the  relative  cold  heoag- 
glutlnating  tendencies  of  eight  frostbite  patients  with  sickle  cell 
trait  and  99  Negro  patients  negative  for  sickling  must  be  regarded 
as  inconclusive  becauao  of  the  Inadequate  sample  in  the  former  group. 
V.  CONCLUSIONS 

1.  The  incidence  of  18  positive  sickling  tests  among  179  Negro 
frostbite  patients  (102)  did  not  differ  significantly  from 
the  expected  incidence  in  an  average  United  States  Negro 
population. 

2.  On  the  basis  of  histories,  clinical  evaluations  and  blood 
counts,  the  18  individuals  with  positive  tests  were  all 
diagnosed  as  having  sickle  cell  trait  in  contradistinction 
to  sickle  cell  anemia. 

3«  There  was  no  demonstrable  relationship  between  sickling 
trait  and  severity  of  cold  injury. 

4.  The  average  healing  time  of  third  degree  lesions  was  longer 


for  five  patients  with  positive  sickling  than  for  51  Negro 
patients  with  negative  sickling  tests  although- the  dif- 
ference was  not  statistically  significant.  The  possibility 
of  intravascular  sickling  causing  retardation  of  ulcer 
healing  could  not  be  established,  because  of  the  United 
sample  of  sickle  cell  positive  individuals  with  third  de- 
gree injury. 

$.  the  cold  heroarglutinln  titers  of  eight  patients  with  sickle 
cell  trait  were  not  significantly  higher  than  those  of  99 
individuals  negative  for  sideling. 
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POtBUI  STUDIES 
ON  reOSTBlTE  PATTEHTS 


A surrey  of  the  protein  levels  of  fasting  blood  sacs  end 


vesicular  fluids  of  frostbite  patients  at  Osaka  Any  Hospital  we 
Bade  during  the  winter  of  1951-52. 

It  mi  of  interest  to  study  the  serun  protein  levels  of  these 
patients,  because  there  Is  evidence  to  show  that  depletion  of  body 
protein  leads  to  prolonged  convalescence,  poor  wound  healing  and  an 
Increase  in  ccrplicatlona  after  surgery..  Pollock  sad  Kslpem  (l) 
swr  srlsing  the  literature  for  tho  Cc.*aittos  on  Therapeutic  Hrtritien 
of  the  National  ;V  search  Council  stated  that:  “proivln  cetabollta 
■ay  be  increased  after  injury.  The  soldier  who  has  been  wowded 
severely  enough  to  require  noro  thm  10  days  hospitalisatlea  wij  L re- 
quire larger  amounts  of  protein  than  is  supplied  by  routine  diets. 

The  urinary  nitrogen  losses  /raj  the  Injury  response  may  bo  eery  high 
tuA  che  negative  nitrogen  balance,  even  In  tho  absence  of  enessively 
high  excretion,  can  be  accentuated  by  bed  real".  Their  report,  as 
well  a»  studies  by  Sinclair  (2)  and  Toucans,  et  al  (3)  indicated  that 
serum  protein  concentration  is  not  s very  .\atisfaetory  index  ef  protein 
status  in  general.  This  is  believed  true  because  the  sena  protein 
concentration  does  not  always  accurately  denote  either  the  protein 
concentration  in  the  tissues  or  in  tho  circulation.  The  body  tealously 
attempts  to  caintair.  the  concentration  ©f  serum  protein  at  nearly 
normal  level  at  the  expense  of  tissue  proteins.  Data  concerning  the 
protein  concentration  in  the  blood  of  frostbite  casualties  wsre  cot 
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found  in  the  literature* 

II,  METHOD 

The  protein  survey  followed  was  that  of  Wolf  son  and  co- 
workers (4)  as  described  by  Consolazio  et  al  (5).  the  following 
procedure  was  used  in  this  study*  The  total  protein,  albumin, 
total  globulin  and  the  alpha  globulin,  beta  globulin  and  gauxaa 
globulin  fractions  were  separate)!  by  precipitation  and  measured 
colorimetrically  in  a Colerw.i  spectrophotometer  by  the  addition  of 
an  alkaline  copper  .»ulfate  reagent  (biuret)  which  produced  a bluish- 
purplo  color.  A sodium  sulfite  solution  wa3  user!  to  precipitate 
the  total  globulin,  23*  scdium  .pit  file  to  precipitate  the  beta  and 
gansa  globulin  and  I y.Jt>  armoniui  sulfate  in  U%  saline  to  precipitate 
the  ga«aa  globulin  fraction.  A l*>  Span-ether  solution  Was  used  to  aid 
in  separating  the  total,  globulin  precipitate  from  the  centrifugate. 

Of  them  six  values  the  total  protein,  albumin  and  germa  globulin  were 
measured  directly*  The  other  three  values  ware  calculated  by  dif- 
ference. 

Ninety-nine  samples  of  sens.'  were  analyzed  in  duplicate.  The 
neon  o'  the  differences  between  the  duplicate  values  was  2.4!®  in  the 
case  of  total  protein  and  approximately  3!®  for  albumin  and  gamma  globulin. 
The  variations  in  the  alpha  globulin  and  beta  globulin  fractions, 
and  frequently  in  the  total  globulin,  were  higher  because  these 
fractions  were  measured  as  the  differences  of  the  other  larger  com- 
ponents » The  values  were  converted  to  grams  per  LOO  cc.  of  serua 
by  means  of  a standard  curve  made  with  a sample  of  ccmercial  Hunan 
Serum  Albumin,  25  gratis  per  100  cc.  which  is  no  really  used  for  therapy 
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•fc  army  hospitals.  Points  on  the  prepared  curve  were  verified  in 
this  study  by  the  Micro-XJeldahl  method. 

Three  hundred  and  eight  patients  were  studied  as  follows: 

1)  The  fasting  sera  of  262  frostbite  patients  were 
examined  within  the  first  48  hours  after  admission. 
Abo ng  these  were  51  study  patients  from  whose  sera 
additional  determinations  were  made  for  a period  of 
more  than  one  month.  Prom  three  to  aeven  determina- 
tions were  made  for  each  study  patient. 

2)  In  addition,  46  other  study  patients  who  had  been 
hospitalised  for  periods  ranging  from  1 to  8 weeks 
wore  .also  studied  serially,  although  »»  tssts  wore 
performed  at  time  of  admission. 

3)  The  total  protein  content  of  the  vesicular  fluids 
of  36  p iticr.ta  was  determined  conecmitantly  with 
the  fasting  nensa  proteins.  These  samples  were 


go nct'.illy  obtained  within  48  hours  after  admission. 
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The  mean  protein  values  for  262  patients  on  their  first  day  of 
hospitalization  arc  given  In  Table  1 and  Figures  1 through  7. 

In  spite  of  the  fact  that  these  data  were  obtained  frert  soldiers 

with  frostbite,  the  values  were  essentially  nomai  according  to  the 

ranges  report'd  for  this  method  by  Volfrsn,  et  al  (4)  and  compared 

fa/orably  with  ,j: otelu  data  in  the  literature  for  coital  civilian  ar.d 

military  (6)  rale  adults  obtalncl  by  both  Misro-Kje.ldohl  an>!  clec- 

k7ui;  product.  U>t  t’o,  <V*»  was  r.iref.ictu.vd  ty  the  Arr.our  luboritor'.cj, 
l-’ort  ..'orth,  Texas,  for  the  airy  frvji  fool .>d  iwsan  blood,  file  ,wxt 
of  to4 i protein  varies  no  r.oro  than  V .0  gr.v.  !n  26  grans  per  10*3  cr ., 
accordin';  to  th.e  re- icir- sits  of  Vue  National  Institute  of  Health 
(verified  bj  Kjddahl  method). 
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TABLE  1 

PROTEIN  LEVELS  OF  PASTING  SERA  OF 
262  FROSTBITE  CASUALTIES 


Flraetion 

Kean 

Standard 

. Ration  - 

Total  Protein 

7.30  gms/lOO  cc. 

4.509 

Albumin 

4*63  gma/100  ee. 

4.373 

Total  Globulin 

2.66  gss/100  cc.  ■ 

4.527 

Alpha  Globulin 

9.21  £ 

4.664 

Beta  Globulin 

10.83  JT 

4.776 

Gacma  Globulin 

16.31  ** 

4*461 

A/G  Ratio 

1.82 

* 4.459 

*%  of  Total  P rot*  In 


trophoretic  methods  (Table  2)* 

In  comparing  the  White  and  Negro  patients,  statistically 
significant  differences  between  tho  respective  scene  of  total  protein, 
albusin,  total  globulin,  goreu  globulin  and  ths  A/0  ratios  ware  found, 
the  significances  of  these  difference.?  as  calculated  by  the  Fisher  *t" 
teat  are  presented  In  Table  3« 

It  is  to  be  noted  that  an  average  of  9.6  days  hsd  elapsed 
Craa  the  time  the  casualties  left  the  front  Unas  until  thejr  were 
admitted  to  the  hospital  in  Osaka,  Japan,  The  tlaw  post-injury 
that  A3  White  and  52  Negro  patients  were  adnltted  to  Osaka  Airy  Hospital 
averaged  10.9  and  8.5  days  respectively.  No  data  were  available 
relative  to  the  blood  protein  levels  of  casualties  Immediately  after 
incurring  a Cold  injury.  It  was  therefore  of  interest  to  follow  the 
blood  protein  levels  of  the  patients  during  their  hospitalisation. 
Serial  determrations  of  the  six  protein  fractions  were  made  on  the 
sera  of  97  study  patients.  The  mean  protein  values  of  the  analyses 
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TABLE  3 

RACIAL  COMPARISON  OP  INITIAL  HEAR  PBOTKDI  L5VEL3 
OP  262  CASES  OF  FHOSTEITK 


m 

■ 

Kean 

mm 

EHTTSTBl 

m 

P 

Total  Protein 

13f53B 

140 



I'/Url 

1 0.631 

♦ 0.409 

4.477 

<.01 

Albumin 

IjSTTB 

MM 

WKSM 

WKi 

fffii 

BT3 ksm 

2.698 

<.01 

Total  Globulin 

White 

Ne.Tro 

IP 

KdVdl 

mxwrvm 

fMf'Ali/JI 

7.181 

<.01 

53fcfiS3 

Kbits 

Ke-rro 

9.23 

9.21 

a ■ bt  1 

0 

3«ta  Globulin 

White 

Kv.ro 

126 

109_ 

10.41 

n.?4 

1 4.021 
1 3.398  _ 

1.864 

>.05 

UsPiaA  Globulin 

’.bite 

r-'-ro 

140 

. 121 .... 

14.73 

1 

i 3.273 
♦ 2.681 

9-243 

<.01 

A/0  Ratio 

liilte 

Retro 

136 

.JS2_ 

l.°S 

JU£U 

1 0.475 
1 0»3^9  _ 

6.731 

<.01 

node  en  the-  fourteenth  and  thirtieth  day  of  fcospitalleaticn  are  given 
In  Table  k < 

The  protein  levels  of  the  vasioilar  fluids  of  26  patients 
ranged  fraa  2.0  to  14 >9  great  per  ICO  cc.  The  mean  total  protein 
of  the  vesicular  fluid  ms  6.71  grass  p-ir  100  cc.  £2.49.  The 
veslclo  fluid  vas  obtained  under  aseptic  technique  freo  intact 
blisters  3 to  15  days  after  injury.  So  significant  coefficient  of 
correlation  was  found  between  the  total  protein  of  the  sera  and  the 
vesicle  fluids  for  these  26  patients  (Table  5). 

Significant  differences  were  fotuid  between  the  means  of  certain 
protein  fractions  of  the  sera  for  the  different  degrees  of  frostbite 
incurred  (Tables  6-11).  Although  the  na-vns  calculated  for  each 
degree  of  frostbite  were  all  within  th?  norral  range  a slight  rise 
was  noted  In  all  of  ths  globulin  fractions  with  Increased  severity 
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TABLE  4 

MEAN  PROTEIN  LEVELS  FOR  63  FROalTiITK  PATIENTS  DI-flCSUTED 
ACCORDING  TO  RACE  AND  DAI  OP  HOSPITALIZATION 


Total  Protein 
and 

Fractions 

Dav  of  Hospitalization  in  Osaka 

1 1 Day 

■BTVTTHI 

I 30  Days 1 

Race 

No. 

Tested 

Mean 

mrvm 

IrtfTHSI 

■raw 

C305S 

Mean 

Total  Protein 

White 

21 

7*2; 

31 

7.24 

20 

7*41 

Kms/lOO  cc. 

Negro 

-30 

7.41 

37 

22 

■HE 1 

Albumin 

White 

a 

4*76 

31 

4.81 

20 

rr.af ICO  cc. 

Hevro 

30 

4.54 

37  . 

■tR] 

22 

Total  Globulin 

White 

21 

2.55 

31 

Eg] 

20 

■ mm 

crs/j.00  cc. 

Negro 

2.97 

37 

22 

mBSM 

Alpha  Globulin 

'ifnite 

21 

10.0 

31 

10.0 

20 

9.0 

%.  of  Total  Protein 

Kerro 

30 

10.0 

37 

10.0 

22 

10.0 

Beta  Globulin 

White 

21 

11.0 

31 

10.0 

20 

WBSM\ 

of  Total  Protein 

2?«Sro 

30 

12.0 

37 

12.0 

22. 

■HB® 

Gasmen  Globulin 

White 

21 

15.0 

31 

15.0 

20 

15.0 

% of  Total  Protein  _ 

Negro, 

-JO  — 

18.0 

. J7. 

13.0' 

22 

17.0 

if  frostbite,  while  ttu.  albusdn  level  dropped  and  the  total  protein 


regained  relatively  constant.  Statistically,  the  means  of  the  albumin, 
alpha  globulin,  beta  globulin  and  gatena  globulin  of  the  patients  with 
first,  second  and  third  degree  frostbite  were  not  significantly  different. 
Hovsvsr  the  means  of  the  albumin,  alpha  globulin  and  gaataa  globulin 
fractions  of  patients  with  fourth,  degree  frostbite  differed  signifi- 
cantly frail  the  corresponding  values  of  patients  with  a less  severe 
degree  of  frostbite  (Table* 12) • A significant  difference  was  noted 
between  the  total  protein  of  patients  with  third  degree  frostbite  as 
compared  with  first  degree  cases  (t«2.645,  P <.01). 

Blood  Counts  weie  cade  on  all  admissions.  Ko  remarkable  ab- 
normalities were  noted.  The  distribution  of  hematocrit  values  was 
norrru.i  (Figure  8).  .Four  hundred  seventy-eight  patients  were  examined 
and  a mean  of  47. 2 was  found.  The  range  was  fron  35  to  55  with  ?0J£ 
of  the  values  falling  between  43  and  51*  Sundeman  (ll)  gives  the 


DisTiuomcn  or  total  protei!*  values  n se 
26  PAnaris  in  acc  :kdakce  with  tbs  total 

PROTEIN'  LEVELS  IS  THEIR  VESICULAR  FLUIDS 


Total  Sena  Protein  Level 
at  Tiae  of  A&dssien 
to  Osaka  Arq?  Hospital 
rr  sAOO  ee. 


Total  Protein  in 
Vesicular  Fluid 


r - -O.llS 

r.orral  range  of  rales  as  /»0  to  5*.  There  was  r.o  difference  totweer. 
tho  Kc-ara  of  the  '-/hit*  pati«r>:  a. I the  »e.;ro  patients.  Urines  for 
A78  patients  wsr.:  lasted  iv-*  l'  -'ir.,  reducing  x&star.res,  sfecirie 
gravity  and  a nicrosccp'c  •j.v.-.lr.aticn  of  the  jodir.cn1-  of  ti  e ccniri 
fureu  sample  was  done.  I*o  at;.orr.al  ur'ncs  were  found. 
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OT.lu  PROTEIN  FOR  F CASES  OP  FROST- 
BIT? "vywtnr-.  to  p’.y.^  u?  injurt 


Jiean  Total 
o«rua  Protein 


Pi.  . 

$* 

So..* 

• *5 

Third 

77 

Fourth 

1 * 

standard 

Deviation 


TASLfi  ? 

HEAn  :E3M  ^LEUIQN  FOP  269  CASES  OP  FTOSTdlTE 
XODRDINS  TO  DEGREE  OF  1‘tTJRr 


Degree 

of 

JjLfc’a; 


First 

Second 

Third 

Fourth 


No.  of 

Cac'.a 


Kean  Serw 
Albi-ln 
r.ns/lOO  cc. 


Standard 

Deviation 


♦ 0.021 

* 0.321 

♦ 0.W1 

♦ 0.455 


TABLE  8 

KEAN  ALPtU  GWLULIN  FOR  ?6f»  CASIT  C?  FROSTBIT  I 
ACCORDING  TO  DEGREE  OF  INJU.  T 


Degree 

of 

in  iurv 

Nj.  of 

Cases 

i Mean  ALfna 

| Glob’Oia 

1 )£  of  Tstvu  ' -i;i 

Standard 

Deviation 

First 

30 

8.8 

1 3.56 

Second 

141 

8.7 

♦ 3.39 

Tnird 

72 

9.4 

♦ 3.48- 

Fourth 

25 

10.4 

1 3.72 

/ 
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KBU  . TA  GLOBUUU  FCR  272  CAT?*  OP  PSOST8ITK 
ACCORDING  TO  DBG RZ3  OF  DUUKT 


Degree 

Htan  Bet* 

of 

No.  ai 

Globulin 

Standard 

Injure 

_Ca*es_ 

£ of  Total  Protein 

Deviation 

first 

31 

lOJt 

2 2.83 

See ond 

1 42 

10.8 

2 3.63 

Third 

73 

11  Jl 

2 3.26 

Fourth  . 

25 

12.2 

2 3.76 

TABLE  10 

MEAN  CC4U  -.'•K.'U'i  >VR  1U  WHITE  PATIENTS 
ACCORDING  T„  *H2T  .1BJK23  OP  IMJURT  BT  FROSTBITS 


fh.„roe 

Kean  Gacaa 

of  No.  of 

Globulin 

^tnturv^  u Cases 

Tot'.l  Protein 

First  73 

13.9 

Second  7 

third  i S, 

U.7 

1A.8 

Fourth  | j 

10.8 

Stands  ni 
Pcriatdcr. 

♦ 2.27 
2 2-91 
2 2.61 
2 2*6? 


TABLE  U 

HUU  GA’^A  rj02»?-!N  r.?  129  NSGfd)  PATIENTS 
ACXRG.NG  TO  TKEin  D-T-Rdi  OF  IMJURT  HT  FROSTBITE 


Deeres 

e? 

In.i-.y 


First 

Second 

Third 

Fourth 


IXean  Gassna 
Globulin 

ter  Total  Protein 


Standard 

Deviation 

2 2.69 
2 2.90 
2 3-02 
♦2.80 


TAELS  12 

SIGNIFICANCE  OF  DIFFERENCE 
OF  MEANS  FROK  TABLES  6-11 


Serum 

Protein 

Fourth  Oegree 
vs. 

Pint  Decree 

Fourth  Degree 

vs. 

Second  Decree 

Fourth  Degree 
vs. 

Third  Degree 

Fraction 

t 

P 

t 

P 

t 

p 

Total  Protein 

0.751 

>.40 

0.409 

>.60 

0.786 

>.40 

Albunin 

mpn 

<.o0i 

T.WJ- 

"TX27- 

~CtX)I 

Alrha  Globulin 

1.624 

>.10 

2.136 

<•63 

“I7TS r 

~>.A» 

Jata_gi2i’ivUn__ 

-I-JQi-j 

>.05 

__1.737 

>.05 

“0“955 

“5733 

Volte 
Gama  Globulin 

15.625 

<*.001, 

4.409 

<.001 

TTiC7' 

"<2S3I 

Kegro 

3.058 

<.01 

3.061 

<.OT. 

2.601 

<.02 

17.  PJSCdSSION 

No  statistically  significant  change  in  any  of  the  protein  fractions 
was  noted  during  the  & weeks  of  observation.  This  indicated  that  the 
protein  requireaents  for  these  subjects  had  not  only  been  adequately  wet 
Just  prior  to  reaching  Osaka,  but  also  during  their  hospitalisation. 

It  appears,  therefore,  that  the  protein  content  of  the  diet?  prescribed 
for  army  hospitals  is  adequate  for  convalescence  fraa  frostbite.  No 
values  were  obtained  frem  either  healthy  hospital  personnel,  or  other 
soldiers  re*  <med  frea  Korea  with  which  the  frostbite  data  coaid  be 
compared  A g-vup  600  soldiers  on  field  maneuvers  in  Colorado  had 
a range  of  5.8  to  7.0  grams  of  seiun  protein  per  100  cc.  during  the 
sucaer  nenthe  and  6.2  to  6.5  grams  during  the  winter.  The  racial  dif- 
ferences found  aoong  tho  hospital  patients  were  similar  to  those  found 
in  studies  of  normal  healthy  males  in  North  Carolina  (1?)  and  in  a 
rural  population  of  Tennessee  (3).  Tomans  (3)  emphasized  that,  since 
the  total  protein  is  the  sum  <*r  the  albmin  and  globulin  fractions. 
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FIGURE  0.  OISTEiGUf!GN  OF  HEMATOCRIT  VALUES  OF  FROSTBITE 
PATIENTS  UFGN  ACMIS3I0N  TO  OSAKA  ARMY  HOSPITAL. 


it  is  possible  to  have  a low  albunin  end  high  normal  globulin  giving 
« normal  total  serum  protein.  Ho  found  that  of  hie  subjects  had 
hypoalhuminemia  but  that  of  these  had  normal  total  serum  proteins. 
Tournns  found  no  correlation  between  the  level  of  serum  albumin  and 
the  intake  of  calories,  total  protein  or  animal  protein  in  the  civilian 
population  he  studied*  However  Kark  et  al  (13),  studying  United 
States,  Indian  and  Burmese  troops  in  the  tropics,  found  s "reasonable 
sorrelation"  between  the  serum  protein  levels  and  the  protein  intake 
of  these  groups.  Globulin  is  relatively  much  less  affected  by  nutritional 
deficiencies  than'  albumin  but,  on  the  other  hand,  ia  more  affected  by 
such  factors  as  infections.  Peters  and  Eisennan  (9)  found  that  during 
the  winter  months  high  globulin  values  seemed  to  be  more  ccnsaoo  among 
Connecticut. subjects.  They  postulated  that  the  high  values  were  probably 
due  to  mild  respiratory  infections  prevalent  in  that  climate  and  during 
tiiat  season.  Since  theri  were  no  appreciable  -condary  Infectlcna  or 
complications  other  than  frostbite  among  the  subjects  of  this  study, 
it  was  felt  that  this  factor  was  negligible. 

Ho  satisfactory  explanation  could  be  found  for  the  significantly 
lover  albunin  and  higher  globulin  values  present  in  the  sera  of  fourth 
degree  frostbite  patients. 

The  protein  levels  of  the  vesicular  fluids  were  slightly  higher 
than  those  found  by  Orr  ar.d  Pair.ar  (IA)  in  three  frostbite  patients 
durinj  the  winter  of  1950-51.  Similar  values  were  found  in  human 
subjects  by  Ccniblest  (15),  iastig  and  Nassau  (16)  and  by  Harkins  and 
Karnon  (17)  in  blisters  both  naturally  occuring  in  disease  and  induced 
‘ by  ciniharidin  plasters. 

V.  SUgiA KT  AND  CONCLUSIONS 


The  levels  of  the  senai  protein  fractions  were  determined  for 
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frostbit*  ceaualties  occurring  In  for**  during  the  sinter  of  1951-52. 
lh*  senaa  prot-in  fractions  for  all  petdenta  studied  sere  within 
aorasl  Unite.  However,  * statistically  significant  difference  was 
found  between  the  serun  protein  levels  of  White  and  Kegr*  rabjects. 
lbs  total  protein,  albumin,  alpha  globulin,-  bats  globulin  and  gamma 
glcbulln  were  found  to  be  essentially  normal  cn  the  fay  of  admission 
to  the  hospital  and  were  unchanged  when  ir-'haclted  on  the  fourteenth 
and  thirtieth  day  of  hospitalisation.  The  fact  that  these  various 
protein  fractions  were  maintained  at  essentially  normal  levels  in- 
dicated that  the  protein  content  of  the  diet  was  adequate.  Significant 
deferences  were  found  between  the  wrens  of  the  albu&in,  alpha  globulin 
end  gasraa  globulin  fractions  when  comparing  fourth  degree  cases  with 
less  severely  frostbitten  patients. 

The  total  protein  of  the  blister  fluids  was  eempared  with  the 
protein  levels  of  the  corresponding  sera.  Although  some  very  high 
values  were  obtilr.cd  thu  protein  content  of  the  blister  fluids  was 
in  most  ease*  lover  then  that  of  the  sera. 
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